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Description 

[0001] The invention relates to an ion trap sampling 
device comprising a vacuum chamber, an inlet sampling 
nozzle for said vacuum chamber, and an outlet from 
said vacuum chamber. 

[0002] The present invention relates, in general, to 
atmospheric pressure ionization techniques, and more 
particularly to an interface structure which utilizes 
atmospheric pressure ionization techniques such as 
electrospray, ion spray, and corona discharge ionization 
in combination with a mass analyzer. 
[0003] The development of various spray techniques 
for forming ions from analytes was a significant advance 
in the field of mass spectrometry, for these techniques, 
and particularly those that employ electric fields to 
impart charges to droplets in the spray, permit the for- 
mation of highly charged ions (particles) from high 
molecular weight species. These highly charged ions 
are characterized by mass/charge ratios that are well 
within the range of values accessible to most modern 
mass analyzers. 

[0004] In addition, the combination of mass analyzers 
with on-line separation methods, such as liquid chroma- 
tography, for mixtures in solution is becoming increas- 
ingly important. Mass spectrometry has long been 
recognized for its high sensitivity, but its use as a detec- 
tor in combination with on-line separators of con- 
densed-phase analytes has been limited at least in part 
because of the incompatibility of mass spectrometry to 
commonly used reversed-phase high-performance liq- 
uid chromatography (HPLC). The incompatibility arises, 
in part, from the use of a wide variety of buffer additives 
in the conventional HPLC. eluent, high percentages of 
water in the eluent, and flow rates that are typically 
maintained at 1 cm 3 /min.,with standard 4.6 mm inner 
diameter HPLC columns. The HPLC eluent composition 
and its flow rate into the mass spectrometer have chal- 
lenged the development of a routine and analytically 
rugged interface between the HPLC column and the 
mass spectrometer (LC/MS interface). 
[0005] Historically, electron ionization (El) mass spec- 
tra were produced from solutions introduced into a 
mass spectrometer at less than one mm 3 per minute. 
Later, chemical ionization (CI) mass spectra were gen- 
erated by the introduction of aqueous solutions at 1-5 
mm 3 /min. into a CI mass spectrometer ion source. For 
this early work, the direct liquid introduction LC/MS 
interface was developed and commercially marketed 
through the early 1980's. This approach produced a 
modest beginning for LC/MS problem solving in several 
areas, but its limitation was the need for a 100-1 post 
column split, as described by J.D. Henion, "Drug Analy- 
sis by Continuously Monitored Liquid Chromatogra- 
phy/Mass Spectrometry with a Quadrupole Mass 
Spectrometer", Analytical Chemistry. 1978, No. 50, pp. 
1687-1693, or the use of micro HPLC techniques, as 
described by Lee et al, Journal of Chromatography Sci- 



ence. 1 986, No. 23, pp. 253-264. These were due to the 
vacuum pumping limitations imposed by conventional 
mass spectrometers. Thus, the liquid flow introduced 
into the CI ion source of these systems was limited to 
5 about 5 mm 3 /min. f and this limitation and the experi- 
mental difficulties associated with it discouraged many 
potentially interested researchers in the early days of 
LC/MS. 

[0006] The introduction of thermospray LC/MS in the 

10 mid 1 980's offered a significant breakthrough to the pre- 
vious flow limitations discussed above. Thermospray 
LC/MS offered the realistic possibility of using conven- 
tional HPLC flows of 1.0-1.5 cm 3 /min. with high aque- 
ous eluent composition and volatile buffer additives 

15 such as ammonium acetate. The total HPLC effluent 
could be introduced into the mass spectrometer without 
the need for a post-column split or the use of micro 
HPLC techniques. Although the thermospray LC/MS 
approach offered an apparent simplification of the proc- 

20 ess in addition to providing three different modes of ion- 
ization, it was later learned that there could be a number 
of problems with the technique. These included widely 
varying response to different analytes, the need for dif- 
ferent temperature settings for varying experimental 

25 conditions, thermal breakdown of some labile com- 
pounds, and the lack of structurally informative mass 
spectral information. Some of these needs were 
addressed with the introduction of particle beam LC/MS 
techniques which provided El and CI mass spectra 

30 using HPLC flows in the neighborhood of 0.5 cm 3 /min. 
However, this approach to LC/MS suffers from some 
limitations with regard to trace analyses and extends to 
involatile compounds of only slightly higher molecular 
weight, than can be handled by capillary gas chroma- 

35 tography/mass spectrometry (GC/MS). 

[0007] Recently, considerable interest has developed 
in electrospray ionization as a new means of handling 
intractable, higher molecular weight compounds. Fol- 
lowing initial results that demonstrated very good sensi- 

40 tivity for polar and high molecular weight compounds, 
interest has developed in combining HPLC with electro- 
spray mass spectrometry. Unfortunately, however, elec- 
trospray returned the art to the very slow HPLC flow 
rates originally produced by the direct liquid introduction 

45 LC/MS interface described above. In particular, pure 
electrospray currently is limited to effluent flows of 1- 
5mm 3 /min. More recently with implementation pneu- 
matically assisted electrospray [A. P. Bruins et al, Anal. 
Chem., v.59, p.2642(1987)] higher flow (up to 50mm 3 

so rates) became routine in practice of HPLC- mass spec- 
trometry. However, at higher flow rate significant chemi- 
cal noise causes problems: more solvated ions entering 
the mass spectrometer thus resulting in more noisy 
mass spectra as well as micro droplets produced by the 

55 spray at higher flow rates tend to plug the ion sampling 
orifice and produce random "spikes" in the chromato- 
graphic profile. This behavior is not acceptable, and it is 
preferred to use conventional HPLC flows of 1-1.5 
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cm 3 /min. without any additional experimental con- 
straints, while still obtaining low nanogram or better 
detection limits. . 

Summary of the Invention 

[0008] It is, therefore, an object of the present inven- 
tion to provide an improved sampling device for mass 
analyzers which will maintain the good sensitivity and 
low chemical noise 6i the analyzer while permitting high 
flow rates for the supplied liquid analyte. 
[0009] More particularly, it is an object of the present 
invention to provide an ion sampling device for coupling 
the delivery of an analyte carried by a liquid flow to a 
mass analyzer such as a quadrupole ion trap for on-line 
chromatography mass spectrometry. 
[0010] Still more particularly, it is an object of the 
invention to provide an ion sampling device for coupling 
the delivery of an analyte carried by a liquid flow to a 
mass analyzer such as a quadrupole mass analyzer for 
on-line chromatography-mass spectrometry. 
[0011] A still further object of the invention is to pro- 
vide an interface between a liquid sample separator 
device such as a high performance liquid chromato- 
graphic column and a mass analyzer such as a quadru- 
pole ion trap mass analyzer, a magnetic sector mass 
spectrometer, a time of flight mass spectrometer, a Fou- 
rier Transform mass spectrometer, or any like mass 
analyzer device. 

[001 2] Another object of the invention is to provide an 
ion sampling device. for introducing liquid analyte into a 
mass analyzer at a rate which permits operation of a liq- 
uid chromatography system at high efficiency, while 
simplifying the analysis and increasing the sensitivity of 
the analyzer. 

[0013] The principle limitation of atmospheric pres- 
sure spraying techniques in the production of ions for a 
mass analyzer is the liquid flow rate of the analyte. In 
pneumatically-assisted electrospray or ion spray, a flow 
rate of up to 1 cm 3 per minute is able to produce a 
charged spray of liquid droplets with reasonable analyte 
ion current response. However, because of current limi- 
tations in the ion sampling devices for API/MS, applica- 
tions can only handle flows of about 50 mm 3 per minute. 
Standard HPLC applications require splitting of the elu- 
ent before it is sprayed, and this hampers qualitative 
and quantitative analysis. At the cm 3 /min. flow rates, 
unless there is post-column splitting, the excess HPLC 
effluent condenses at the interface and adversely 
affects sensitivity and ion current stability. 
[0014] The invention provides an ion trap sampling 
device, comprising: 

a vacuum chamber; 

an inlet sampling nozzle for said vacuum chamber; 
an outlet from said vacuum chamber; and 
liquid shield means spaced from said sampling inlet 
nozzle and having an aperture which is arranged 



« 

such that it 

i» 

(a) directs through said aperture a sample por- 
tion of ions, droplets and/or particles at atmos- 

s pheric pressure from an ion source producing 

said ions, droplets and/or particles to said inlet 
sampling nozzle, and 

(b) provides an aerodynamic focusing of said 
ions, droplets and/or particles toward the orifice 

to of said inlet sampling nozzle, wherein only said 

aperture communicates to the space formed 
between said liquid shield means and said inlet 
nozzle. 

15 [0015] In accordance with the present invention, the 
problem of excess eluent at the inlet to a mass analyzer 
is avoided by placing a liquid shield lens in the open 
atmospheric pressure region, approximately 1-5 mm 
from the ion sampling inlet of the analyzer. The liquid 

20 shield lens acts as a spray splitter and an aerofocusing 
device and serves to inhibit collapsing droplets from 
being drawn to the interface and from generating unsta- 
ble ion current. This results in an increased liquid flow to 
the analyzer and provides increased sensitivity and ion 

25 current stability in the mass analyzer. The region 
between the liquid shield lens and a sample inlet orifice 
for the analyzer preferably is heated to facilitate the 
droplet evaporation which is required for rapid ion evap- 
oration from the charged liquid droplets. To create effi- 

30 cient transport of gas phase ions towards the ion 
sample inlet orifice, the analyte is aerodynamically 
accelerated by a carrier gas toward the liquid shield 
lens. 

[0016] The liquid shield lens preferably is in the form 
35 of a thin, flat metal disc or plate having a circular aper- 
ture axially aligned with the sample inlet orifice. Alterna- 
tively, the shield may be "hat-shaped"; i.e.; formed as a 
flat disc with a raised central circular mesa in which the 
aperture is located, the mesa surrounding the aperture 
40 and being axially aligned therewith. The upper surface 
of the mesa, in which the aperture is located, is spaced 
above the surrounding disc by about 4 mm, with the disc 
itself being spaced approximately 1 mm above the sam- 
ple inlet orifice. 

45 [0017] The liquid shield of the present invention may 
be used with a variety of mass analyzers, and revolu- 
tionizes the electrostatic ion spray process with a mass 
spectrometer by eliminating the problem of slow flow 
rates. This allows direct coupling of modern liquid sepa- 

50 ration technologies (HPLC, etc.) with mass spectrome- 
try for on-line analysis. 

[0018] The liquid shield lens of the present invention 
may be used with a variety of mass analyzers and differ- 
ent types of ion sampling inlets to protect the inlet sam- 
55 pling orifice of the vacuum portion of the system. For 
purposes of illustration, the present invention will first be 
described in combination with an ion trap mass spec- 
trometer which includes an ion sampling inlet as a noz- 
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zle; a vacuum housing with a vacuum source for 
production of vacuum therein; an electrostatic lens sys- 
tem situated in the vacuum housing; a flat diaphragm 
separating a first vacuum region in the housing from a 
second, mass analyzer vacuum region, and an ion opti- 5 
cal system for ion focusing and injection into, for exam- 
ple, an ion trap mass analyzer. Ions pass into the 
vacuum housing through the inlet nozzle, which sepa- 
rates ambient atmospheric pressure from the first, or 
interface, vacuum region in the housing. These ions 10 
experience extensive cooling in the supersonic jet which 
is the result of directional air expansion from the nozzle. 
At a location in the housing remote from the nozzle out- 
let, the excess gas is pumped away by the vacuum and 
gas molecules move in random motion in this low-vac- .75 
"uum region. A focusing electrostatic lens assembly 
' directs the ions through this region and through a Mach 
disc to the mass analyzer vacuum system. It has been 
found that incorporating focusing ion optics in the first, 
or interface, vacuum region with the^first lens electrode 20 
situated in the ion flow path prior to the Mach disc 
region, provides at least a 5-fold increase in the effi- 
ciency of the ion transport, while the provision of the liq- 
uid shield lens of the present invention with preheating 
of spray droplets at atmospheric pressure provides an 2 5 
approximately 4-fold increase in sensitivity. 
[001 9] Ions from the interface vacuum region pass into 
the mass analyzer vacuum region through an aperture 
in a flat diaphragm which divides the two regions and 
which also serves as an electrostatic lens: The mass 30 
analyzer vacuum region includes additional ion optics 
which consist of a second electrostatic lens assembly 
and pulsed ion beam deflector electrodes which direct 
the ions into a conventional ion trap. 

[0020] The liquid shield may also be incorporated in 35 
other atmospheric pressure ionization systems with 
quadrupole mass analyzers to provide a breakthrough 
in routine analysis that can be carried out with conven- 
tional HPLC flow rates. For purposes of illustration the 
ion sampling device is also described with a set up for a 40 
quadrupole mass analyzer and different arrangements 
for a two stage mass analyzing vacuum system. Such 
an LC/MS system provides mass spectra for low nano- 
gram quantities of environmentally and pharmaceuti- 
cal^ important compounds injected on-column, using 45 
either volatile or non-volatile buffer additives. 

Brief Description of the Drawings 

[0021] The foregoing, and additional objects, features so 
and advantages of the present invention will become 
apparent to those of skill in the art from the following 
detailed description of a preferred embodiment thereof, 
taken in conjunction with the accompanying drawings, 
in which: 55 

Fig. 1 is a diagrammatic illustration, in cross-sec- 
tion, of an atmospheric pressure ionization ion 



sampling device for an ion trap mass analyzer, uti- 
lizing the liquid lens shield of the present invention; 
Fig. 2 is a perspective, diagrammatic view of the liq- 
uid lens shield of Fig. 1 ; 

Fig. 3 is an enlarged diagrammatic illustration of the 
liquid shield lens portion of the apparatus of Rg. 1 ; 
Fig. 4 is a plot of the electrostatic field and ion tra- 
jectories in a first vacuum region of the apparatus of 
Fig. 1; 

Rg. 5 is a plot of the electrostatic field and ion tra- 
jectories in a second vacuum region of the appara- 
tus of Fig. 2; 

Rg. 6 is a plot of the mass spectrum of tetrabuty- 
iammonium hydroxide (TBAH) with mild deciuster- 
ing energy, obtained using the apparatus of Fig. 1 ; 
Rg. 7 is a plot of the mass spectrum of TBAH with 
"up front" CID obtained using the apparatus of Rg. 

Rg, 8 is a plot of the relationship between total ion 
current and the pressure of damping gas (He) in the 
ion trap apparatus of Fig. 1 ; 
Rg. 9 is a perspective, diagrammatic illustration of a 
second embodiment of the liquid shield of the 
present invention; 

Rg. 10 is a cross-sectional view of the shield of Rg. 
9, taken along lines 10-10; 

Rg. 11 is a diagrammatic illustration, in cross-sec- 
tion, of an atmospheric pressure ionization sam- 
pling device for a quadrupole mass spectrometer, 
utilizing the liquid lens shield of the present inven- 
tion; 

Rg. 12 is a diagrammatic illustration, in cross-sec- 
tion, of a quadrupole mass spectrometer system for 
use with the liquid shield API interface of the 
present invention, comprising two stages of vac- 
uum pumping wherein the quadrupole mass ana- 
lyzer is placed in a first mass analyzer vacuum 
stage while the electron multiplier detector is situ- 
ated in a second vacuum stage; 
Rg. 13 is a plot of the mass spectrometer output 
signal versus spray flow rate obtained using the 
apparatus of Fig. 11; 

Rg. 14 is a plot of the mass spectrometer output 
signal versus ion spray flow rate in the absence of 
the liquid shield of the present invention; 
Rg. 15 is a plot of selected ion monitoring MPLC- 
MS analysis of a synthetic mixture containing 250 
pg each of four quaternary ammonium compounds, 
obtained using the apparatus of Fig. 1 1 ; 
Rg. 16 is a plot of HPLC-ion trap MS full-scan anal- 
ysis of a synthetic mixture containing 5 ng each of 
four quaternary ammonium compounds, obtained 
using the apparatus of Fig. 1; 
Rg. 1 7 is a full-scan mass spectrum from 5 ng pro- 
pantheline from Figure 16. Peaks at m/z 368, 326 
and 181 are suggested to he M + ; (M + -C 3 H 6 ) and 
(C 6 H 4 CHOC 6 H 4 ) + respectively. 
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Description of Preferred Embodiments 

[0022] Turning now to a more detailed consideration 
of the invention, there is illustrated in Fig. 1 a diagram- 
matic cross sectional view of an atmospheric pressure 
ionization (API) ion trap interface, generally indicated at 
10, which connects a source of analyte liquid to a mass 
analyzer, here illustrated as an ion trap mass spectrom- 
eter, for the purpose of determining the mass spectrum 
of the analyte. In the illustrated embodiment, the inter- 
face 10 includes a housing 12 which is generally annu- 
lar in shape and which has a central opening 14 having 
an axis 16. Within the central opening 14 is an interface 
stage, or chamber 18 and a mass analyzer one-stage 
vacuum system or chamber 20. The vacuum chambers 
18 and 20 are axially aligned with each other along the 
central axis 16 of the interface. The upper surface (as 
viewed in Fig. 1) of the interface 10 receives ions pro- 
duced from an analyte liquid by an elect rospray appara- 
tus diagrammatically illustrated at 22 and the interface 
directs the ions to a conventional ion trap mass analyzer 
24 such as a benchtop Saturn II Ion Trap Detector from 
Varian Instruments, Palo Alto, California. 
[0023] The interface housing 12 includes an annular 
top wall 26, a cylindrical flange 28 and an annular bot- 
tom wall 30 which are assembled and cooperate to 
define an outer annular pumping chamber or cavity 32. 
The flange 28 cooperates with corresponding outer 
edges of top and bottom walls 26 and 30, respectively, 
to form a cylindrical outer wall 34 for chamber 32, while 
inner edges of the annular top and bottom walls 26 and 
30 are shaped to form upper and lower double walls 36 
and 38, respectively, which cooperate to form inner and 
outer cylindrical walls 40 and 42. Wall 40 forms the inner 
wall of chamber 32, and walls 40 and 42 are radially 
spaced to define an inner annular chamber 44 therebe- 
tween. Wall 42 defines an inner annular surface 46 
which surrounds and defines the central opening 14 for 
the housing 12. The central opening 14 receives inter- 
face nozzle and lens assemblies to be described, 
encloses the low chamber 18, and leads to vacuum 
chamber 20. 

[0024] Secured within, the inner annular surface 46 
formed by the top and bottom walls 26 and 30 is an 
annular ion trap mounting flange 48 which secures the 
interface 10 to the ion trap 24. The mounting flange 48 
includes a plurality of radial holes 50; for example, eight 
holes, spaced symmetrically around and extending 
through the annular walls 42 and 40, the holes extend- 
ing radially between the vacuum chamber 18 and the 
pumping chamber 32. An outlet port 52 in the top wall 
26 connects the pumping chamber 32 to a standard 
rotary vacuum pump (not shown), such as pump model 
D-60A available from Leybold, Inc., Export, Pennsylva- 
nia, which is capable of pumping 960 dm 3 per minute to 
produce a pressure of 40 Pa (0.3 Torr) in chamber 32. 
The radial holes 50 may be 12.7 mm (0.5 inch) in diam- 
eter and the distribution of the holes around the circum- 



ference of inner surface 46 provides efficient ^and 
homogeneous pumping of the vacuum chamber 18. 

[0025] The interface 10 includes a liquid shield lens 60 
illustrated diagrammaticaily in Fig. 1 and in top perspec- 

5 tive view in Fig. 2, the shield having a central aperture 
62 coaxial with the axis 16 of the interface. The liquid 
shield 60 is mounted upstream of a sampling nozzle 
plate 64 at the interface inlet, the nozzle plate having a 
central aperture 66 coaxial with aperture 62 and with 

10 the central axis 16 of the interface. Nozzle plate aper- 
ture 66 may be, for example, 75 micrometers in diame- 
ter and may have a thickness of 225 micrometers to 
provide an aspect ratio of 1/3 (i.e., 75 micrometers/225 
micrometers). The nozzle plate 64 includes an out- 

15 wardly extending flange 68 extending over and mounted 
on an inwardly extending shoulder 70 formed on the 
annular surface 46 of wall 42 and is sealed thereto by 
means of a gasket or O-ring 72. Similarly, the liquid 
shield 60 includes an outwardly-extending flange 74 

20 which is sealingly mounted on nozzle plate 64 by means 
of a suitable gasket or O-ring 76 to close the top of the 
vacuum chamber 14 and to insure that inlet flow is 
through apertures 62 and 66. Although only a single 
shield 60 is shown, it will be understood that multiple 

25 spaced, parallel shields with coaxial apertures may be 
used. . 

[0026] Located between the liquid shield lens 60 and 
the nozzle piate 64 is a heater element 78 which pro- 
vides a heated atmospheric pressure region at the inter- 
so face entrance. 

[0027] Coaxial with apertures 62 and 66 and aligned 
below nozzle plate 64 is a first electrostatic lens assem- 
bly located in low-vacuum region 1 8 and including a first 
lens, diagrammatically illustrated at 80 having a central 
35 aperture 82. Ions, such as those diagrammatically illus- 
trated at 84, are produced from the analyte liquid in con- 
ventional manner by electrospray apparatus 22 and are 
directed axially toward the interface 10 and enter the 
interface by way of aperture 62 in the liquid shield lens 
40 60. 

[0028] Fig. 3 illustrates in an enlarged view the rela- 
tionship between the electrospray apparatus 22, the liq- 
uid shield 60, and the nozzle plate 64. As will be more 
fully described below, the spray apparatus 22 provides a 

45 spray 84 of charged droplets, ions, and/or. particles, 
which will be referred to herein as ions, at atmospheric 
pressure which are aerodynamically accelerated and 
directed toward the interface liquid shield 60. A portion 
of the spray strikes the upper surface of the shield 60, 

so but a sample portion passes through the aperture 62 at 
atmospheric pressure and travels toward the sampling 
nozzle 66, as indicated by ion spray sample 84'. The liq- 
uid shield 60 is situated in a "soaking" region of the 
sampling nozzle 66; i.e., is spaced between 0.1 mm and 

55 5 mm from the nozzle and is concentric with it. The liq- 
uid shield effectively protects the sampling nozzle from 
being plugged or restricted by liquid droplets from the 
spray 84, thereby significantly increasing the efficiency 
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of ion sampling and allowing operation at a higher flow 
rate of liquid from the spray apparatus 22. As indicated 
diagrammaticaily by the pattern of ions at 84', the liquid 
shield provides an aerodynamic focusing of ions toward 
the aperture 66 of sampling nozzle 64, thereby enhanc- 
ing the flow of ions into the ion sampling device. The 
heater 78 enhances this flow by alleviating ion formation 
from charged spray microdroplets in the region between 
the liquid shield and the nozzle plates. 

[0029] The sample ions 84* are drawn through the 
nozzle aperture 66 by the vacuum in the interface vac- 
uum chambers 18 and 20 and expand at the nozzle exit 
86 to form a supersonic ion jet as they enter the first low 
vacuum region of chamber 18 and pass through aper- 
ture 82 of lens 80. The ions travel across the vacuum 
region 18 to the high vacuum chamber 20 through sec- 
ond *and third electrostatic lenses 90 and 92 (Fig. 1) 
having central apertures 94 and 96, respectively, which 
are coaxial with the interface axis 16. Collision-induced 
dissociation (CID) processes may be induced in the 
ions in the first vacuum region 1 8 by imposing a poten- 
tial difference between the nozzle plate 64 and a dia- 
phragm 100 (Fig. 1) which divides the two chambers 18 
and 20. 

[0030] Diaphragm 100 extends across a central aper- 
ture 102 formed in the ion trap mounting flange 48. For 
this purpose, flange 48 includes an annular shoulder 
portion 104 which extends inwardly into the central 
opening 14 of housing 12. This shoulder portion has a 
top surface 106 to which the diaphragm 100 is secured 
and sealed by means of a suitable O-ring or gasket 108. 
The diaphragm 100 includes a central orifice 1 10 which 
is coaxial with the axis 16 of the interface, the orifice 
having a diameter of about 400 micrometers, in one 
embodiment. 

[0031] The lower vacuum chamber 20 is connected to 
a standard 60dm 3 per second turbomolecular pump, 
which may be a Model TPU-60 furnished by Balzers, 
Inc. of Hudson, New Hampshire, for example (not 
shown) that is furnished as a standard part of the Sat- 
urn II ion trap detector. This pump produces a pressure 
typically in the range of 5.33x1 0" 3 Pa (4x1 0" 5 Torr) in the 
high vacuum region 20 and in the region of the ion trap 
24, as indicated by arrows 1 12 in Fig. 1 . 
[0032] In the high vacuum region below diaphragm 
100 is a second electrostatic lens assembly including 
lenses 114, 116 and 118 all having central apertures 
coaxial with axis 16 of the interface. Interposed between 
the lenses 114 and 116 are pulsed ion beam deflector 
electrodes 120 and 122. Coaxially aligned below the 
electrostatic lens 118 is the ion trap inlet aperture 124 
leading to the ion trap device 24. 

[0033] In the embodiment of Fig. 1 , some of the ions 
84 produced under atmospheric pressure conditions 
pass through aperture 62 in the heated, atmospheric 
pressure liquid shield lens 60. These selected ions 84' 
(Fig. 3) then pass through the aperture 66 in nozzle 
plate 64 into the first vacuum region 18. The ions next 



pass through the first electrostatic lens assembly, which * 
includes lens electrodes 80, 90 and 92, into the mass 
analyzer vacuum region 20 through the 400 micrometer 
diameter orifice 1 1 0 in the diaphragm 1 00. Under oper- 

5 ational conditions, the pressure in the first vacuum 
region 18 is 40 Pa (0.3 Torr), as noted above, while the 
pressure in the high vacuum region 20 is typically 
5.33x1 0" 3 Pa (4x1 0" 5 Torr). During operation of the 
device, helium damping gas is introduced into the high 

w vacuum region to produce a total pressure in that region 
of 0.0267 Pa (2x1 0* 4 Torr). 

[0034] The ions passing through the diaphragm orifice 
110 then pass through the second electrostatic lens 
assembly, which includes lens elements 114, 116 and 
is 118 and through deflector electrodes 120 and 122 in the 
high vacuum chamber and are supplied to the ion trap 
24 by way of aperture 124. The ion trap is housed in its 
original vacuum chamber within the Saturn II system. 
[0035] The electrical potentials on nozzle plate 64, the 
20 separating diaphragm 100, and the ion optics elec- 
trodes are controlled by eight independent voltages 
taken from a single 130 volt DC power supply, these 
voltages being connected to the. electrodes in known 
manner. The atmospheric pressure liquid shield lens 60 
25 is maintained at the same potential as the nozzle plate 
64. Further, the electric heater 78 is connected to the 
power supply through a suitable controller to maintain 
the temperature at the nozzle plate at, for example 
250°C. The deflector electrodes 120 and 122 are con- 
so trolled by a suitable transistor-transistor-logic (TTL) 
pulses produced by the electronic control board in the 
Saturn II system (not shown). The deflection voltage on 
these electrodes is controlled between 0 and 100 volts 
to control the path of the ion beam from the nozzle 64 to 
35 ion trap aperture 124, the control signal allowing ions to 
flow into the ion trap for a predetermined period of time 
(for example, 0.25 sec), and thereafter deflecting the 
beam from the entrance of the ion trap to permit MS 
detection. 

40 [0036] Optimization of any ion optic system depends 
upon the concepts of ion transport theory. Some of the 
most important aspects involve the fundamentals of 
beam emittance and phase-space acceptance of the 
analyzer. The term beam emittance refers to the area 

45 occupied by ions in a beam produced from an ion 
source. The phase-space is generally defined by the 
six-dimensional space which includes the ion coordi- 
nates (x, y, z) and their corresponding velocities (V x , Vy, 
VJ. Since the velocities of the particles are directly 

so related to their kinetic energy, energy can be substituted 
for velocity to define phase space (x, y, z, E x , Ey, EJ 
where E x> E y E 2 are the kinetic energies of the ions in 
the corresponding directions. Ion acceptance by the 
mass analyzer is the phase space area representing all 

55 possible combinations of coordinates and velocities of 
the ions which can be successfully transmitted and 
detected in a mass analyzer. It can be shown that max- 
imum transmission of any ion optical system is achieved 
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when a transformation of the ion emittance in the phase 
space matches the acceptance. The usefulness of 
these concepts is a consequence of Liouvilles' theorem 
which states that as long as the ions in the beam are 
acted upon only by conservative forces (an electrostatic 5 
focusing field, for example) the area occupied by the 
ions remains constant. Furthermore, the action of many 
simple ion optical elements can be described as a sim- 
ple mathematical linear transformation into phase 
space while a complex system can be segmented and w 
treated individually. 

[0037] The total ion optical system of the ion trap 
embodiment illustrated in Fig. 1 may be considered as 
two separate ion optical systems: the ion optics of the 
first, or interface, vacuum region 1 8 and the ion optics of 15 
the second, or mass-analyzing region which includes 
the high-vacuum region 20 and the ion trap 24. In the 
first vacuum region aerodynamic forces have a signifi- 
cant impact on ion motion and, accordingly, concepts of 
ion transport theory cannot be applied without several 20 
assumptions. In the second vacuum region, ion trans- 
port theory is directly applicable. 
[0038] The confinement properties of an ion trap for 
capturing externally produced ions has been ^analyzed, 
but there is no mathematical expression for the accept- 25 
ance of externally produced ions. However, this can be 
calculated using a simple model of collisional relaxation. 
In this model it is assumed that some mechanism for the 
dissipation of ion kinetic energy from the external beam 
exists in the trap to achieve confinement. The most 30 
effective way to obtain energy dissipation is through the 
scattering of ions by the damping gas (collisional relax- 
ation). The criteria for ion trapping in this case is the loss 
of kinetic energy during passage through the trap, so its 
total energy will be less than the depth of the pseudopo- 35 
tential well D, produced by the RF potential of the trap: 

A 2 

E 2 < ^2 — ^ = D (CGS system of units) (1) 

4m ( Z o) co 40 



where A is amplitude, ^ is angular frequency of the RF 
potential, e/m is the charge to mass ratio of the ion and 
z 0 is the axial dimension of the ion trap. 45 
[0039] Since the mass of the damping gas particle 
(usually He) is much lower than the mass of ions of 
interest, the following equation for the energy of ions to 
be captured by the trap (loss of kinetic energy « than 
initial kinetic energy) -can be approximated: so 

E 1= =D (2) 

where E-| is the primary energy of the ion beam before 
collision. Using typical values during ion formation in the ss 
Saturn II system, A = 260 V 0 . p (150 DAC), ffl = 3.3 MHz, 
z 0 =. 1 cm and m = 300 amu, the value of D would be 20 
eV. 



[0040] After analyzing the acceptance properties of 
the ion trap 24 it can be concluded that the acceptance 
of the ion trap represents a limited area in the phase 
space (dj, D) where dj represents dimensions of the ion 
trap entrance aperture 124 and D represents the limita- 
tion of the ion kinetic energy. 

[0041] The probability of confinement of externally 
produced ions in this model equals the-probability Z of a 
one-ion collision with a damping gas particle during 
passage through the ion trap: 

Z = 2sn 0 P lZo (3) 

where s is the collisional cross section, n 0 is density 
number at atmospheric pressure (2.75x1 0 19 cm' 3 bar" 1 ) 
(2.7x1 0 19 cm" 3 atm" 1 ) and Pi is the pressure in the 
mass analyzing region (in units of [0.981 bar] (in [atm])). 
[0042] Equation 3 predicts that there is a linear rela- 
tionship between the probability of ion confinement and 
the pressure of the damping gas. Under typical opera- 
tional conditions P 1 = 0.133 Pa (1 mTorr) (0.016 Pa 
(1.2x10' 4 Torr) Bayard-Alpert ionization gauge); s = (1- 
2)x10" 15 cm 2 ("small" ions) and z 0 = 1 cm; and the trap- 
ping efficiency is 7 - 15 %. However, in practice, the 
actual trapping efficiency will be lower than the theoret- 
ical value because a fraction of the ions (those with 
higher kinetic energy) during the trapping period (prior 
to detection) will be lost. In addition, the ion trapping vol- 
ume is always smaller than the geometric volume of the 
trap so the actual path length yielding ion confinement is 
smaller than 2z 0 , the geometric distance between the 
end cap electrodes, used in Eq. 3. 
[0043] In the atmospheric pressure ionization (API) 
technique of the embodiment of Fig. 1, ions 84 are pro- 
duced at atmospheric pressure by an API source 22 
outside the vacuum chamber. These ions are intro- 
duced to the mass spectrometer 24 through a nozzle (or 
capillary), such as nozzle aperture 66, and are directed 
into the mass spectrometer. The properties of this API 
ion source 22 are significantly different from the com- 
mon electron ionization (El) or chemical ionization (CI) 
ion sources which are characterized in general by the 
Maxwellian velocity distribution. In contrast, the distribu- 
tion of initial velocities in an API ion source occurs dur- 
ing the free-jet expansion of ions into the vacuum 
through the nozzle 66. This distribution in initial ion 
velocities is related primarily to the aerodynamic proper- 
ties of the sampling nozzle, its geometry and the pres- 
sure in the first vacuum region. 

[0044] There are few data in the literature relating the 
geometry of an ion sampling nozzle to the energy distri- 
butions of the particles expanding into the vacuum from 
the supersonic jet expansion region. However, it has 
been empirically established that a narrowed energy 
distribution (maximum density of the particle in phase 
space or bright ion source) is achieved when the aspect 
ratio is 0.3 (nozzle diameter/nozzle thickness), as illus- 
trated for nozzle plate 64. Expansion of the electro spray 
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84 into the vacuum 18 through such a nozzle is charac- 
terized by velocity equalization of all species in the jet 
rather than a Maxwellian distribution. This implies that 
the heavier organic ions are traveling at the same veloc- 
ity as the much lighter air molecules.. Thus, the kinetic 
energy of the ions is higher, by the average mass ratio 
(ions/air), than is the thermal energy, and apparently 
can reach values of several eV. The equalization of 
velocities in the jet occurs in a region that has been 
named the "silent zone", which is generally indicated at 
130 (Fig. 1 and Fig. 4) and which has a characteristic 
. distance Z m from the opening of the nozzle 66. This dis- 
tance is usually referred to in the literature as the Mach 
distance or Mach disk and is given by: 

Z m =0.67d 0 (P 1 )- 1/2 (4) 

where d 0 is the nozzle diameter. 
[0045] in the region 1 30 between the nozzle and Mach 
disk, aerodynamic forces accelerate ions. After ions 
pass through the Mach disk one can consider them 
under vacuum conditions and any subsequent scatter- 
ing of ions from the beam is attributable to their colliding 
with residual gas molecules or friction forces. 
[0046] In two stage API sampling systems such as the 
interface 10, there are two types of systems by which 
ions may be transported to the mass analyzer region. 
They are classified by the position of the separating dia- 
phragm 100 with respect to the Mach disk region. The 
first type positions the separating diaphragm inside the 
Mach disk region. In this configuration the aerodynamic 
expansion of gas into the vacuum chamber 1 8 is used to 
then transfer ions into the mass analyzing vacuum 
chamber 20. The consequent sampling of ions from the 
"silent zone" 130 is efficient because ions and gas are 
moving at equal speeds in the same direction, resulting 
in minimal scattering of the ion beam. Disadvantages 
include: (1) cluster ion formation which results from the 
strong and rapid cooling of the gas upon expansion; (2) 
the requirement for high pumping speeds in both the 
first and the mass analyzed regions, and (3) the sepa- 
rating diaphragm must be extremely sharp (ideally zero 
thickness) with no imperfections in order to minimize 
disturbances of the ion beam. 

[0047] The second type of two-stage API sampling 
system is illustrated in Figs. 1 and 4, wherein the sepa- 
rating diaphragm 100 is situated outside the Mach disk 
region so the requirements for high pumping speed are 
significantly alleviated. In this preferred configuration, 
the separator diaphragm 100 and the extraction lenses 
80, 90 and 92 are used to extract ions from the super- 
sonic jet entering region 18 to transport them to the 
mass analyzing region 20. A flat separator diaphragm 
1 00 is used rather than a "skimmer" because a separa- 
tor diaphragm is easier to construct and implement into 
the sampling region of the mass analyzer and also 
because the separator diaphragm allows more direct 
control over ion motion and easier optimization of ion 



optics. In the case of a skimmer, the electrical field pn> 
duced by the ion optics does not penetrate into the 
skimmer cone. As a consequence it is difficult to control 
the ion motion inside the skimmer by an electrical field 
5 and thus it is nearly impossible to optimize ion optics. 

[0048] The optimization of ion optics in the first vac- 
uum region 18 is complicated by the presence of aero- 
dynamic forces. Since these forces are 
nonconservative, one cannot apply the space theory for 

10 optimization of ion optics unless several assumptions 
are made. The following are the principle assumptions 
used in the below calculations: (1) all species in the 
supersonic jet have reached an equilibrium velocity at 
the nozzle opening; (2) maximum ion transmission 

15 (maximum brightness of ion source) corresponds to the 
situation where the first focal point of the ion optical sys- 
tem coincides with the Mach disk distance; (3) ion optics 
after the Mach disk region should provide continuous 
acceleration of the ion beam to compensate for frictional 

20 effects attributable to ion-neutral collisions in the first 
vacuum region. Based on the above assumptions, a 
standard electrostatic field and ion motion simulation 
program was used for calculating ion trajectories in the 
first vacuum region. Since the simulation program does 

25 not take into account aerodynamic forces, the kinetic 
energy of the ions was assigned a value of 2-5 ev at the 
entrance of the ion optical system. The only undeter- 
mined parameter for the optimization is the potential dif- 
ference across the first vacuum region. It was given a 

30 value of 50 V which is a typical value used in various 
API interfaces when operated under "mild" CID condi- 
tions. 

[0049] The ion motion simulation program, SIMION 
(D.A. Dahl, J.E. Delmore, SIMION PC/PSZ version 

35 4.02, National Engineering Laboratory) was used to 
analyze and optimize the ion optical system. Since the 
electric field depends upon the potential difference 
between the lenses in the first vacuum region (rather 
than absolute value of the potential), the lens stack 80, 

40 90 and 92 is considered to be "floated" at a potential U. 
The value of this optimization, along with the calculated 
ion trajectories 132 and a map of the equipotential lines 
134, are shown in Figure 4. The first lens electrode 80 
provides ion focusing with a focal point situated directly 

45 in the Mach disk region 116 while the remaining lenses 
. 90 and 92 and the diaphragm 1 00 provide a continuous 
acceleration of the ions to compensate for frictional 
forces and to produce a low divergence ion beam. This 
ion optics arrangement may be termed an "electrical 

so skimmer" geometry. The kinetic energy of the ions exit- 
ing the first vacuum region 18 was assumed to be the 
product of the electric field force at the exit of the ion 
optical system and the mean free path of the ions. The 
determination of this parameter is critically important for 

55 the optimization of ion optics in the mass analyzer vac- 
uum region. Under typical operating conditions a good 
estimation of this energy corresponds to the accelera- 
tion of ions between electrodes 92 and 100 and is given 
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by their potential difference. 

[0050] The calculation of ion optics in the second vac- 
uum region 20 is based directly on phase space theory. 
According to this theory the maximum efficiency of an 
ion optical system is achieved when the transformation s 
of the ion emittance from the first vacuum region 18 
matches the acceptance of the ion trap. Comparison of 
the energy coordinates for ion trap acceptance and ion 
kinetic energy at the exit of the first vacuum region gives 
a value for the floating potential (U) of the first vacuum 10 
region: 

' U = D-(V 92 -V 100 ) (5) 

where V 92 is the potential on electrode 92 and V 100 is is 
the potential on diaphragm 100. Under typical opera- 
tional conditions the value of U is 10 V. Using this value 
for the potential of the separating diaphragm one can 
use the SIMION program to design an ion optical sys- 
tem for the second vacuum region which will have its 20 
focal point situated at the entrance aperture of the ion 
trap. The results of this SIMION analysis are shown in 
Figure 5. The diaphragm 100 and the lens 1 14 serve as 
a prefocusing stage for the ion beam 132, while the 
deflector electrodes 120 and 122 serve as an ion gating 25 
assembly. The deflector electrodes are represented as 
two separate angled plates 120 and 122 and are 
grounded during the passage of ions into the ion trap for 
accumulation. During ion detection the ion beam is 
gated by pulsing one of the deflector electrodes to 100 * 30 
V to deflect the beam away from the ion trap entrance 
aperture. Lenses 116 and 118 serve as a short focus 
tubular lens array which has a focal point situated near 
the entrance aperture 124 of the ion trap. 
[0051 ] Summ k arizing the previous calculations, the fol- 35 
lowing preferred set of voltages for ion transmission 
(first and mass analyzer regions) are obtained: V 60 = 60 
V; V 80 = 70 V; V 90 = 40 V; V 92 = 20 V; V 100 = 10 V; V 114 
« -10 V; V 116 = 3 V; V 118 = -90 V, where the subscript 
identifies the electrode. 40 
[0052] To test the sensitivity, mass resolution, and 
mass assignment of the present instrument, simple 
infusion experiments were conducted in which a solu- 
tion of known composition was delivered to the device of 
Fig. 1 at a fixed flow rate. A conventional pneumatically 45 
assisted electrospray apparatus 22 was used to pro- 
duce a spray of charged solvent droplets. The sprayer, 
which was typically maintained at +3 kV for the produc- 
tion of positive ions, consisted of an inner, 5 cm long 
stainless steel capillary 132 (150 mm ID) for the liquid so 
transfer capillary and a larger stainless steel outer cap- 
illary 134 (340 mm ID). The outer capillary was, concen- 
tric to the inner capillary, and was used for introduction 
of a carrier gas (N2) which was maintained at a pressure 
of 60 psi. All data were acquired under pneumatically ss 
assisted nebulization electrospray conditions. In all 
experiments the sprayer was positioned about 1 cm 
away from the liquid shield lens 60. For maximum sen- 



sitivity, the sprayer position was tuned for maximum total 
ion current of infused analyte ions. A micro syringe 
pump (Model 22, Harvard Apparatus, S. Natick, MA.) 
was used for sample delivery, usually at a flow of 4 
microliters per minute. 

[0053] Tetrabutylammonium hydroxide (TBAH), a 
tetraalkyl quaternary amine, was chosen for these stud- 
ies because it is extremely sensitive to electrospray ion- 
ization and produces a well characterized and 
reproducible mass spectrum under CID conditions. A 
typical spectrum from 1 0 pmol/ mm 3 TBAH in methanol, 
obtained under mild declustering conditions is shown in 
Figure 6. The actual potential difference across the first 
vacuum region was 50V (V 64 - V 100 ). As observed from 
Figure 6 the base peak 138 in the mass spectrum cor- 
responds to the molecular ion of TBAH (m/z = 242). 
The'less abundant ions at m/z = 100 and 142 are frag- 
ments of TBAH and arise from the mild CID conditions 
used in this experiment. Resolution of the 12 C and 13 C 
isotopes of TBAH (molecular ion) is illustrated in the 
inset 140 of Figure 6. The empirically determined volt- 
ages which led to the maximum ion current were: V 50 = 
60 V, V 60 = 65 V, V 70 = 46 V, V 72 = 25 V, V 80 = 1 0 V, V 94 
= -1 4 V, V 96 = 7 V and V 98 = -1 1 0 V. The efficiency of the 
ion optic system was checked by removal of the liquid 
shield lens 60 and readjustment of th^ potentials for 
maximum total ion current. Removal of lens 60 led to a 
six fold reduction in total ion current. 
[0054] When attempting to identify an unknown com- 
pound it is often desirable not only to obtain its molecu- 
lar weight, but also to obtain structural information, 
concerning it. One way this can be achieved in electro- 
spray. is by adjusting the potential drop across the first 
vacuum region. This is often referred to as "up-front" 
CID, and the results are clearly illustrated in Figure 7. In 
this example a potential drop of 65 V across the first 
vacuum region was applied to induce fragmentation of 
TBAH (10 pmol/mm 3 ). Although the molecular ion 
(m/z=242 ) is still the base peak at 138, other structur- 
ally informative ions are present at 
m/z = 57, 100, 142 and 186. 

[0055] Experimental conditions leading to confine- 
ment of externally produced ions in the ion trap were 
also studied. Figure 8 shows the dependence of total 
ion current on the pressure of the helium damping gas 
in the ion trap, obtained by a direct reading from an ion- 
ization type nanometer. The ability of the trap to capture 
externally produced ions increased linearly with pres- 
sure. This linearity is in excellent agreement with the 
above-described mechanism of colli si onal relaxation for 
capturing ions (see eq. 3). Residual gas molecules are 
thought to be responsible for the scattering of ions in the 
absence of He damping gas. This is believed to be the 
reason why the line does not pass through the origin in 
Figure 8. The upper range of pressure in this experi- 
ment was limited to 0.2 mTorr because low pressure 
must be maintained in the mass analyzer region of the 
ion trap for normal functioning of the electron multiplier. 
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[0056] The liquid shield lens 60 incorporated in the 
atmospheric pressure region of the electrospray inter- 
face in accordance with the present invention signifi- 
cantly decreases the number of spikes in the total ion 
current, and improves the analytical ruggedness of the 5 
interface. Before incorporation of this lens the nozzle 66 
required cleaning after approximately one hour of oper- 
ation at high flew rates (>50 mm 3 /min) p but after instal- 
lation of the liquid shield lens 60 this problem was 
alleviated, even at flow rates up to 1 .5 cm 3 /min. 10 

[0057] There are several theoretical models which 
describe the formation of ions by electrospray ioniza- 
tion. Although these models differ, they do agree that 
the mechanism of ion formation involves at least two 
stages: (1) formation of charged droplets from the is 
sprayer; and (2) gas phase ion formation from these 
small, charged droplets. It is believed that the liquid 
shield lens 60 aids in the process of enabling ions to 
escape into the gas phase from the charged droplets. 
The shield also appears to protect the sampling nozzle 20 
from accidental plugging or restriction by liquid droplets 
and particles by inhibiting the larger droplets from com- 
ing into contact with the nozzle. 

[0058] The liquid shield 60 is metal; for example, stain- 
less steel, and is illustrated in Figs. 1 and 2 as being 25 
generally disk-shaped, with the upwardly and outwardly 
extending peripheral flange 74 providing a mounting 
surface for engaging the top of the support flange 68 of 
nozzle plate 64. However, it will be understood that the 
shield can take other forms without adversely affecting 30 
its shielding performance. For example, the shield can 
be in the form of a flat disk, with its periphery resting on 
top of flange 68 or on a suitable shoulder formed on the 
nozzle plate and located to space the shield 60 above 
the plate by a suitable distance. Another alternative is 35 
illustrated in Figs. 9 and 10 described below. 
[0059] As indicated above, the liquid shield of the 
present invention can be used with the interfaces to a 
variety of mass analyzers, in addition to the ion trap 
device described above. For example, the shield has 40 
also been used with quadrupole mass analyzers for liq- 
uid chromatography mass spectrometry (LC/MS) utiliz- 
ing conventional high pressure liquid chromatography 
(HPLC) flow rates. Such systems are illustrated in Figs. 
11 and 12 as additional embodiments of the present 45 
invention. 

[0060] In accordance with the embodiment of Fig. 1 1 , 
ions 160 are supplied from a source 162 through an 
interface generally indicated at 164 to a mass analyzer 
1 66, the interface serving to sample ions at atmospheric so 
pressure for delivery to the analyzer. The mass analyzer 
166 may be a Hewlett Packard Model 5985B mass 
spectrometer having an associated Einzel lens system 
1 68, 1 70, 1 72, a quadrupole mass analyzer 1 74, and an 
electron multiplier detector 176, with its standard elec- ss 
tron ionization source being replaced by the interface 
164. The interface vacuum region is illustrated at 178 
and may be formed by a cylindrical housing 180 con- 



structed from stainless steel pipe. The housing is con^ 
nected to front and rear flanges 182 and 184 which 
incorporate axial apertures 186 and 188, respectively. A 
vacuum seal is provided between the housing 180 and 
the flanges, and a vacuum port 190 provides attach- 
ment for a vacuum line from a suitable vacuum pump 
such as a 400 dm 3 per minute Model D1 6A rotary pump 
furnished by Leibold-Heraeus Vacuum Products, Inc. 
[0061] A nylon bulkhead union 192. such as a 
Swagelok, provided by Crawford Fitting Company, 
Solon, Ohio, is fitted in the aperture 1 86 of flange 1 82 to 
provide an electrically isolated, adjustable feed through 
which secures a stainless steel ion sampling capillary 
194. The capillary may be a tube having a 0.5 mm inner 
diameter and a 6.35 mm outer diameter, and may be, for 
example, 25 cm in length, extending out of union 192 
toward source 1 62 at its outer end 1 96 and extending 
into vacuum region 178 at its inner end 198. In accord- 
ance with the present invention, a grounded liquid shield 
lens 21 0 is provided at the outer end 1 96 of the ion sam- 
pling capillary 1 94. The shield 210 may be similar to that 
illustrated in Fig. 2, but for purposes of illustration, is 
shown as being similar to the shield of Figs. 9 and 10. 
Thus, it is illustrated as having a stainless steel disk por- 
tion 214 which may be 1 .3 mm thick and 3.8 cm in diam- 
eter, and is further shown with an upstanding centra! 
mesa portion forming a cylindrical or a conical orifice 
216. The illustrated conical orifice may be 6.4 mm in 
diameter at its base, with a height of 5.1 mm and a 4 
mm diameter top surface 218 with a 2 mm diameter 
aperture 220. Typically, the distance between the liquid 
shield 210 and the outer, or entry end 196 of the capil- 
lary 194 is 5 mm. The liquid shield preferably is electri- 
cally grounded, although a small potential can be 
applied to it for optimal sensitivity, and it can be 
mounted with a Teflon support (not shown) to insulate it 
from the flange 1 82. The shield 210 may also be used in 
place of shield 60 in Fig. 3 in which case the outer edge 
of the disc portion 214 may rest on flange portion 68 of 
the nozzle plate, or may rest on the top surface of plage 
64, to provide the required space between aperture 156 
and nozzle 66. The central orifice 216 may enclose the 
heater coils 78, if desired. 

[0062] A heater 222 is incorporate in the open atmos- 
phere region 224 between the liquid shield 210 and the 
end 1 96 of the ion sampling capillary to alleviate ion for- 
mation from liquid microdroplets. A variable DC power 
supply is also connected to the electrically conductive 
ion sampling capillary 194 to control its electrical poten- 
tial, the potential preferably being variable between zero 
and 256' volts. 

[0063] Adjacent the vacuum end 194 of the ion sam- 
pling capillary is a flat diaphragm 226 having a central 
orifice 228 aligned with the central opening 230 of the 
capillary 194. Interface flange 184 is machined at aper- 
ture 1 88 to accommodate the flat diaphragm 226 and is 
also shaped to receive the mass analyzer vacuum sys- 
tem mounting flange 230. The diaphragm may be 
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mounted on the flange and electrically isolated there- 
from by a polyethylene insulator disk 232. The distance 
between the end 198 of the ion sampling capillary and 
the flat diaphragm 226 is typically 4 mm. The potential 
of diaphragm 226 is controlled between zero and 12.5 5 
volts. 

[0064] The transmission of ions to the mass analyzer 
166 from the capillary 194 is achieved using the two 
sets of Einzel lenses 168 and 170 placed in tandem 
between the ion separating diaphragm 226 and the 10 
mass analyzer 166. The mass analyzer incorporates 
two vacuum chambers 234 and 235, which are sepa- 
rated by a flange 236 having a central aperture 238 
which serves as the entrance to analyzer 174. The 
Einzel lenses 168 and 170 are located in the second is 
vacuum chamber 234, between flanges 184 and 236. 
The vacuum chambers are formed by a stainless steel 
pipe 240, which is fixed to flange 230 and secured 
thereby to interface 164. Pipe 240 includes vacuum 
ports 242 and 244 connected to suitable vacuum 20 
sources (not shown). 

[0065] Effluent from a liquid chromatography (LC) col- 
umn (not shown) travels at a rate of from 10 to 1,500 
mm 3 /min. through a connecting silica capillary 200 in 
the ion spray source 1 62 and is directed toward the inlet 25 
end 196 of the capillary 194 housed in the liquid shield 
API/MS interface 164. A stainless steel outer capillary 
252 surrounds the silica capillary 250 and a high volt- 
age, in the range of 3 to 5 kV, is applied thereto by way 
of an electrical contact so as to apply the high voltage to 30 
the effluent near the outlet spray tip 254 of the source 
162. Nitrogen carrier gas is passed through the annular 
space between the inner and outer capillaries 250 and 
252 at, e.g., 3.43 to 5.49 bar (50 to 80 psi) to focus, 
carry, and direct spray toward the liquid shield. The 35 
spray tip 254 may be positioned off center by about 5 
mm with respect to the aperture 220 of the liquid shield 
210, and about 10 mm distant therefrom. Excess eluant 
is allowed to drip from the liquid shield into a beaker 
256. 40 
[0066] The two-stage mass analyzing vacuum system 
for a quadrupole mass analyzer in the foregoing embod- 
iment can be also arranged alternatively as shown in 
Figure 12. In this alternative, the quadrupole mass ana- 
lyzer 174 is situated in chamber 234 of the mass ana- 45 
lyzer vacuum system 166, while the electron multiplier 
detector 176 is placed in vacuum chamber 235. The 
Einzel lenses 168 and 170 are located in chamber 234, 
which has its vacuum port 242 connected to a suitable 
vacuum source (not shown). Vacuum region 235 simi- so 
larly has a vacuum port 244 connected to a suitable 
vacuum source (not shown). The two vacuum chambers 
are separated by the flange 236 with its central aperture 
238, providing ion exit from the quadrupole mass ana- 
lyzer to an electron multiplier. The central aperture 238 55 
is typically in the range from 1 mm to 1 0 mm in diameter, 
the size being determined from the pressure require- 
ments in the vacuum regions for normal operation of the 



mass analyzer and the electron multiplier detector. The 
typical operational pressure of the system is 0.02 Pa 
(1 .6x1 0" 4 Torr) for the vacuum region 234 and 0.002 Pa 
(1 .6x1 0" 5 Torr) for the vacuum region 235. The electron 
multiplier 176 could be a standard Galileo 4762 HED 
detector. The flange 230 is the API interface mounting 
flange of the mass analyzing vacuum system; It might 
be machined to accommodate either the API interface 
shown in Figure 1 with an ion trap mass analyzer or the 
interface shown in Figure 12 with a quadrupole mass 
analyzing instrument. The vacuum system presented in 
Figure 1 1 allows the introduction of more ions into the 
mass analyzer than a standard Hewlett Packard Model 
5985B mass spectrometer vacuum system, thus provid- 
ing better sensitivity. 

[0067] In Figure 13, graph 260 represents the mass 
spectrometric response versus flow rate for m/z 242 
TBAH, using the liquid shield 210 placed between the 
spray source 150 and the ion sampling capillary 194, in 
the manner illustrated in Fig. 11. This simple shield 
allows the use of liquid flow rates ranging from a few 
mm 3 per minute to 2 cm 3 per minute while producing a 
stable ion current signal and good sensitivity. The liquid 
shield is grounded and acts as a spray splitting device, 
keeping excess liquid away from the ion sampling capil- 
lary orifice, as discussed above. It also appears that the 
shield may aid in the desolvation process where the 
droplets reduce in size before the charged analyte 
escapes into the gas phase. The shield also prevents 
accidental obstruction of the ion sampling capillary by 
larger liquid droplets which cause instability in the ion 
current signal as well as decreased sensitivity at high 
flow rates, as is illustrated in Fig. 14 by curve 262. This 
curve illustrates the mass spectrometric response ver- 
sus flow rate with the liquid shield removed. 
[0068] To test the ruggedness and utility of the present 
invention as an on-line detector, a series of experiments 
were conducted coupling high performance liquid chro- 
matography (HPLC) to the ion trap and quadrupole 
mass analyzers through the interfaces described above. 
The compounds chosen for these studies were small 
quaternary ammonium drugs. These charged com- 
pounds were chosen because this class of drugs is not 
amenable to gas chromatographic analysis (GC) with- 
out pyrolysis, so the combination of liquid chromatogra- 
phy or capillary electrophoresis with mass spectrometry 
may provide a preferred tool for their identification at the 
low nanogram level. 

[0069] Liquid chromatography/mass spectrometry 
quadrupole mass analysis of the quaternary ammonium 
drugs was performed on a 4.6 mm i.d. x 1 50 mm Zorbax 
SB-CN C8 column packed with 5 jxm particles. The LC 
buffer was delivered by a Hitachi L-6200A pump 
(Hitachi, Ltd.) at a flow rate of 1 .2 cm 3 /min without post- 
column using an internal loop injector of 5mm 3 , model 
7125 (Rheodyne). Isocratic elution of the quaternary 
ammonium drug compounds was obtained using a mix- 
ture of acetonitrile/water (80:20) which contained 5 mM 
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ammonium acetate. The buffer solution was degassed 
prior to use by sparging with helium. 

[0070] Results of the on-line coupling of HPLC to the 
apparatus of Fig. 1 1 mass spectrometer of the present . 
invention are shown in Fig. 15. A synthetic mixture con- s 
taining 250 pg of each drug was injected on-column 
under standard HPLC conditions. The total column 

ciiluci Li y i .c. v/t 1 1 / 1 i iii ty wao uiiculcu lu u ic maoo apco" 

trometer via the liquid shield in this experiment The 
selected ion monitoring results shown in Figure 15 10 
clearly identify the molecular ions of the injected com- 
pounds. 

[0071] Liquid chromatographic/ mass spectrometry 
(LC/MS) micro bore HPLC ion trap mass analysis of the 
quaternary ammonium drugs was performed on a 1 mm 15 
i.d. x 100 mm Spherisorb C 8 (isco) column packed with 
3 \im particles. The LC buffer was delivered by a Hitachi 
L-6200A pump (Hitachi, Ltd.) at a flow rate of 40 mL/min 
without post-column splitting. Compounds of interest 
were loaded into the HPLC column using an internal 20 
loop injector of 0.5 mm 3 , model 7520 (Rheodyne). Iso- 
cratic elution of the quaternary ammonium drug com- 
pounds was obtained using a - mixture of 
acetonitrile/water (80:20) which contained 20 mM 
ammonium acetate and 0.15% trifluoroacetic acid. The 25 
buffer solution was degassed prior to use by sparging 
with helium. 

[0072] Results of the on-line coupling of HPLC to the 
ion trap apparatus of Fig. 1 are shown in Figure 16. A 
synthetic mixture containing 5 ng of each drug was 30 
injected on-column under micro HPLC conditions. The 
total column effluent (40 mm 3 /min) was directed to the 
mass spectrometer in this experiment. The potential 
drop across the first vacuum region was 70 V. Panel A 
of Fig. 16 is the total ion current with a scan range from 35 
100-400 amu, while panels B-E of Fig. 16 are the 
extracted ion current profiles of the molecular ions of 
ipratropium, neostigmine, gtycopyrrolate and propan- 
theline, respectively Figure 17 shows the full-scan 
mass spectrum of propantheline (peak at scan #138, 40 
Figure 16) as an example of a typical mass spectrum 
acquired from 5 ng of drug. The base peak is the molec- 
ular ion, m/z=368 , while the mild declustering condi- 
tions used also lead to the formation of two minor 
fragment ions at m/z=1 81 and 326. 45 
[0073] Although the invention has been described in 
terms of a preferred embodiment, it will be apparent that 
variations and modifications can be made without 
departing from the scope thereof, as set forth in the fol- 
lowing claims. so 

Claims 

1 . An ion trap sampling device, comprising: 

55 

a vacuum chamber (18; 178); 
an inlet sampling nozzle (64; 194) for said vac- 
uum chamber (18; 178); 



an outlet (1 1 0; 228) from said vacuum chamber 
(18; 178); and 

liquid shield means (60; 210) spaced from said 
sampling inlet nozzle (64; 194) and having an 
aperture (62; 220) which is arranged such that 
it 

\cxj wii coio li 11 uuvji i ocuu apci iui c \Oc-, c-cL\j) 

a sample portion of ions, droplets and/or 
particles at atmospheric pressure from an 
ion source (22; 162) producing said ions, 
droplets and/or particles to said inlet sam- 
pling nozzle (64; 194), and 

(b) provides an aerodynamic focusing of 
said ions, droplets and/or particles toward 
the orifice (66; 230) of said inlet sampling 
nozzle (64; 194), wherein only said aper- 
ture communicates to the space formed 
between said liquid shield means and said 
inlet nozzle. 

2. The device of claim 1 , characterized in that said liq- 
uid shield (60; 210) is spaced between about 1 and 
about 5 mm from said nozzle (64; 194). 

3. The device of claim 2, characterized by further 
including heater means (78; 222) between said 
nozzle (64; 194) and said liquid shield (60; 210). 

4. An ion trap sampling device according to claim 1, 
designed as an atmospheric pressure ion sampling 
device, characterized by 

a housing (12; 180, 240) having said inlet sam- 
pling nozzle (64; 194); 

means producing within said housing (12; 180, 
240) an interface vacuum region in said vac- 
uum chamber (18; 178) and an analyzer vac- 
uum region (20; 234); 

said ion source (22; 162) being adjacent said 
housing for producing at atmospheric pressure 
charged particles including ions to be sampled; 

said liquid shield means (60; 210) being inter- 
posed between said sampling inlet nozzle (64; 
194) and said ion source (22; 162) producing 
charged particles and having an aperture (62; 
218) aligned with an orifice (66; 230) in said 
sampling inlet nozzle (64; 194); 

means (134, 252) accelerating said charged 
particles and ions toward said liquid shield 
means (60; 210) and transporting selected par- 
ticles and ions through said aperture (62; 218) 
and said orifice (66; 230) of said sampling inlet 
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nozzle (64; 194) into said interface vacuum 
region in said vacuum chamber (18; 178); and 

means (80; 168) transporting said selected 
ions from said interface vacuum region of said 5 
vacuum chamber (18; 178) to said analyzer 
vacuum region (20; 234). 

5. The device of claim 4, characterized in that said ion 
source (22; 162) comprises means (22; 162) pro- 10 
ducing a spray of ionized liquid microdroplets. 

6. The device of claim 4, characterized in that said ion 
source (22; 162) comprises a first capillary (132, 
250) connected to a source of analyte liquid; 15 

* 

a second capillary (134; 252) having an outlet; 
means applying gas under pressure to said 
second capillary (134; 252) to direct said ana- 
lyte liquid from said first capillary (132; 250) 20 
through said second capillary outlet in a liquid 
droplet spray; and 

means applying an electric potential to said liq- 
uid to produce ions on said droplets. 

25 

7. The device of claim 6, characterized in that said 
second capillary (134; 252) surrounds said first 
capillary (132; 250). 

r 

8. The device of claim 4, characterized in that said 30 
interface vacuum region has a pressure of between 
about 1.33 Pa (0.01 Torr) and about 13332.4 Pa 
(100 Torr), and wherein said sampling inlet orifice 
(66; 230) has a diameter sufficient to enable the 
vacuum in said interface vacuum region to draw 35 
ions passing through said shield aperture (62; 218) 
into said interface vacuum region. 

9. The device of claim 4, characterized in that said liq- 
uid shield means (60; 210) includes an electrically 40 
conductive plate for preventing excess liquid ana- 
lyte from reaching said sampling inlet orifice (66; 
230). 

1 0. The device of claim 9, characterized in that said liq- 45 
uid shield means (60; 210) includes plural spaced, 
parallel plates having coaxial apertures. 

11. The device of claim 4, characterized in that said 
shield (210) comprises a disk (214) having a cen- 50 

. tral, raised mesa portion (218) in which said aper- 
ture (220) is located. 

1 2. The device of claim 4, characterized in that said liq- 
uid shield means (60; 210) is spaced between ss 
about 0.1 mm and about 10 mm from said sampling 
inlet orifice (66; 230) and wherein the diameter of 
said aperture (62; 218) is between about 0.1 mm 



and about 1 0 mm. 

13. The device of claim 4, characterized by further 
including heater means (78; 222) between said liq- 
uid shield means (60; 210) and said sampling inlet 
orifice (66; 230) 

14. The device of claim 4, characterized in that said 
means (134; 252) accelerating" said charged parti- 
cles comprises a high linear velocity carrier gas. 

15. The device of claim 4, characterized in that said 
mearts (134; 252) accelerating said charged parti- 
cles comprises first electrode means (80) in said 
housing (12; 180, 240). 

16. The device of claim 15, characterized in that said 
means (134; 252) accelerating said charged parti- 
cles comprises a high linear velocity carrier gas. 

17. The device of claim 15, characterized in that said 
sampling inlet nozzle (64; 194) comprises a plate 
and wherein said inlet orifice (66; 230) is a nozzle in 
said plate, said nozzle defining a Mach disk within 
said interface vacuum region. 

18. The device of claim 17, characterized in that said 
first electrode means (80) comprises an electro- 
static lens assembly with at least k first electrode 
within said interface vacuum region between said 
nozzle and said Mach disk. 

19. The device of claim 18, characterized in that said 
nozzle has, ah aspect ratio of about 1/3. 

20. The device of claim 18, characterized in that said 
means producing said interface and analyzer vac- 
uum regions comprises divider means (100) in said 
housing (12), said divider means (100) including an 
aperture (110) aligned with said nozzle, and 
wherein said means transporting said selected ions 
from said interface vacuum region to said analyzer 
vacuum region includes second electrode means 
(90, 92) directing said selected ions through said 
divider aperture (110). 

21. The device of claim 20, characterized in that said 
. divider means (100) is a flat metal diaphragm hav- 
ing a thickness smaller than the diameter of said 
divider aperture (1 1 0). 

22. The device of claim 21, characterized in that said 
first electrode means (80) includes electrostatic 
lens means defining an electrostatic drift region. 

23. The device of claim 22, characterized by further 
including means applying selected electric poten- 
tials to said nozzle, said diaphragm and said elec- 
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trode means for directing and transporting said 
ions. 

24. The device of claim 23, characterized in that said 
means applying selected electric potentials are 5 
adjustable in the range of -300V to +300V. 

25. The device of claim 24, characterized by further 
including a quadrupole ion trap mass analyzer (24) 
associated with said analyzer vacuum region of 10 
said housing (12). 

26. The device of claim 25, characterized in that said 
second electrode means (90, 92) includes electro- 
static lens means directing said selected ions into 15 
said quadrupole ion trap. 

27. The device of claim 25, characterized in that said 
second electrode means (90, 92) includes gate 
means for selectively deflecting said selected ions 20 
away from said quadrupole ion trap. 

28. The device of claim 4, characterized in that said 
means producing said interface and said analyzer 
vacuum regions comprises a metal diaphragm 25 
(226) having a central aperture (228), and wherein 
said sampling inlet nozzle (194) comprises a metal 
capillary tube having a first end (196) adjacent said 
liquid shield means (210) and having a second end 
(198) extending into said interface vacuum region, 30 
said capillary having a central orifice (230) aligned 
with said liquid shield (210) and said diaphragm 
apertures (228) to transport said selected ions to 
said analyser vacuum region (234, 235). 

35 

29. The device of claim 28, characterized in that the 
aspect ratio of said diaphragm aperture (228) is sig- 
nificantly greater than 1 . 

30. The device of claim 29, characterized by further 40 
including means applying selected electrical poten- 
tials to said capillary tube (1 94) and said diaphragm 
(226) for adjusting the degree of ion fragmentation 

in said analyzer vacuum region (234, 235) for iden- 
tification of analyzed ion species. 45 

31. The device of claim 30, characterized by further 
including a quadrupole mass analyzer (174) and an 
electron multiplier (176) associated with said mass 
analyzer vacuum region (234, 235). 50 

32. The device of claim 31, characterized in that said 
mass analyzer vacuum region (234, 235) includes 
first and second vacuum chambers, said quadru- 
pole mass analyzer (1 74) being located in said sec- 55 
ond vacuum chamber. 

33. The device of claim 32, characterized in that said 



means transporting said selected ions comprises 
two spaced-apart, three-electrode lens assemblies 
(168, 174) located in said first vacuum chamber. 

34. 'The device of claim 31, characterized in that said 
mass analyzer vacuum region (234, 235) includes 
first and second vacuum chambers, said first cham- 

ubi ucii awj doci 1 1 baiu uicijJi n ayi 1 1 ^cD ) , oaiu 

quadrupole mass analyzer (174) being located in 
said first vacuum chamber and an electron multi- 
plier (176) located in said second vacuum chamber 
and responsive to said mass analyzer (174). 

35. The device of claim 34, characterized by further 
including second diaphragm means (172) between 
said first and second vacuum chambers, and 
including a second diaphragm aperture for admit- 
ting ions from said mass analyzer (174) to said 
electron multiplier (176). 

36. The device of claim 35, characterized by further 
including a three-electrode electrostatic ion focus- 
ing assembly (170) between said mass analyzer 
(174) and said second diaphragm aperture. 

37. An ion trap sampling device according to claim 1 , 
combined with a mass spectrometer, characterized 
by 

said ion source (22; 162) being a source of ion- 
ized liquid droplets; 

a mass spectrometer (24; 174) for analyzing 
the constituents of said ionized droplets; 

said vacuum chamber (18; 178) being an inter- 
face between said source (22; 162) of ionized 
droplets and said mass spectrometer (24; 174) 
and including said sampling inlet nozzle (64; 
194) for receiving and directing ions carried by 
said droplets into said mass spectrometer (24; 
174) for analysis; and 

said liquid shield means (60; 210) being 
arranged between said source (22; 162) and 
said interface for limiting the flow of ionized 
droplets reaching said interface. 

38. The device of claim 37, characterized in that said 
liquid shield means (60; 210) includes plate means 
incorporating a control aperture (66; 220) aligned 
with said inlet nozzle (64; 194) to direct ions from 
said source to said inlet nozzle (64; 194), said plate 
means preventing excess ions from reaching said 
inlet nozzle (64; 194). 

39. The device of claim 38, characterized in that said 
plate means includes a central, raised mesa portion 
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(218) in which is located said aperture (62; 220). 

* ■ 

40. The device of claim 38, characterized in that said 
plate means includes peripheral flange means (74) 

for mounting said plate means on said interface. 5 

< 

41 . The device of claim 38, characterized in that said 
central aperture (62; 220) in said plate means has a 
diameter of about 400 micrometers, and is spaced 
from said inlet nozzle (64; 1 94) by about 5 mm. w 

42. The device of claim 41 , characterized in that said 
source (22; 162) of ions is located about 10 mm 
from said liquid shield means central aperture (62; 
220). is 

43. The device of claim 37, characterized in that said 
interface inlet (22, 162) includes capillary means. 

44. The device of claim 37, characterized in that said 20 
source of ionized liquid droplets includes a first cap- 
illary (132; 250) connected to a source of analyte 
liquid, said capillary (132; 250) having a spray out- 
let end for directing said analyte liquid in a liquid 
spray toward said mass spectrometer interface 25 
inlet, means for directing gas under pressure to 
said liquid spray to nebulize said spray and to 
thereby produce small liquid droplets, and means 

for applying an electric potential to said liquid spray 
to produce ions on said droplets. 30 

45. The device of claim 44, characterized in that said 
means for directing gas under pressure to said liq- 
uid spray comprises a second capillary (134, 252) 
surrounding said first capillary (132; 250). 35 

46. The device of claim 45, characterized in that said 
liquid shield mean's (60, 210) includes plate means 
incorporating a central aperture (62; 220) aligned 
with said inlet nozzle (64; 194) to direct selected 40 
ions carried by said liquid spray to said inlet nozzle 
(64; 194). 

47. The device of claim 46, characterized in that said 
inlet nozzle (194) is a third capillary aligned with 45 
said liquid shield aperture (220). 

48. The device of claim 37, characterized in that said 
interface means includes first and second vacuum 
chambers, and wherein said inlet nozzle (194) so 
includes a capillary for directing ions carried by said 
droplets into said first vacuum chamber (178), and 
means directing said ions into and through said 
second vacuum chamber to said mass spectrome- 
ter (174). 55 

49. The device of claim 48, characterized in that said 
means directing said ions into and through said 



second vacuum chamber includes a conical skim- 
mer aligned with said capillary. 

50. The device of claim 49, characterized in that said 
means directing said ions into and through said 
second vacuum chamber includes lens means 
(168; 170). 

Patentanspruche 

1. lonenfallenprobenahmeeinrichtung, umfassend: 

eine Vakuumkammer (18; 178); 

eine EinlaBprobenahmeduse (64; 194) fur die 
Vakuumkammer (18; 178); 

einen AuslaB (110; 228) aus der Vakuumkam- 
mer (18; 178); und 

ein Flussigkeitsblendenmittel (60; 210), das 
von der ProbenahmeeinlaBdQse (64; 194) 
beabstandet ist und eine Blendenoffnung (62; 
220) hat, welch e derart angeordnet bzw. einge- 
richtet ist, daB sie 

(a) durch die Blendenoffnung (62; 220) 
einen Probenteil von lonen, Tropfchen 
und/oder Teilchen bei atmospharischem 
Druck aus einer lonenquelle (22; 162), 
welche die lonen, Tropfen und/oder Teil- 
chen erzeugt, zu der EinlaBprobenahme- 
duse (64; 194) richtet, und 

(b) einen aerodynamische Fokusierung 
der lonen, Tropfen und/ oder Teilchen nach 
der Offnung (66; 230) der EinlaBprobenah- 
meduse (64; 194) vorsieht, worin nur die 
Blendenoffnung mit dem Raum in Verbin- 
dung steht, welcher zwischen dem Flus- 
sigkeitsblendenmittel und der EinlaGduse 
gebildet ist. 

■ 

2. Einrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Flussigkeitsblende (60; 210) zwi- 
schen etwa 1 und etwa 5 mm von der Duse (64; 
194) beabstandet ist. 

3. Einrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB sie weiterein Heizermitte! (78; 222) 
zwischen der Duse (64; 194) und der Flussigkeits- 
blende (60; 210) aufweist. 

4. lonenfallenprobenahmeeinrichtung gemaB 
Anspruch 1, die als eine lonenprobenahmenein- 
richtung atmospharischen Drucks ausgebildet ist, 
gekennzeichnet durch 
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ein Gehause (12; 180, 240), das die EinlaBpro- 
benahmeduse (64; 194). hat; 

• 

ein Mittel, das innerhalb des Gehauses (12; 
180, 240) einen Abschnittsvakuumbereich in 
der Vakuumkammer (18; 178) und einem Ana- 
lysiereinrichtungsvakuumbereich (20; 234) 
erzeugt; 

wobei die lonenquelle (22; 162) benachbart 
dem Gehause ist zum Erzeugen von gelade- 
nen Teilchen, die probezunehmende lonen ent- 
halten, bei atmospharischem Druck; 

das Flussigkeitsblendenmittel (60; 210) zwi- 
schen die ProbenahmeeinlaBduse (64; 194) 
und die lonenquelle (22; 162), welche gela- 
dene Teilchen erzeugt. und eine Blendenoff- 
nung (62; 218) hat, die mit einer Offnung (66; 
230) in der ProbenahmeeinlaBduse (64; 194) 
fluchtet, zwischengefGgt ist; 

ein Mittel (134, 252), welches die geladenen 
Teilchen und lonen nach dem Flussigkeitsblen- 
denmittel (60; 210) zu beschleunigt und ausge- 
wahlte Teilchen und lonen durch die 
Blendenoffnung (62; 218) und die Offnung (66; 
230) der ProbenahmeeinlaBduse (64; 194) in 
den Abschnittsvakuumbereich in der Vakuum- 
kammer (18; 178) transportiert; und 

ein Mittel (80; 168), welches die ausgewahlten 
lonen aus dem Abschnittsvakuumbereich der 
Vakuumkammer (18; 178) zu dem Analysier- 
einrichtungsvakuumbereich (20; 234) transpor- 
tiert. 

5. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die lonenquelle (22; 162) ein Mittel 
(22; 162) zum Erzeugen eines Sprays aus ionisier- 
ten Flussigkeitsmikrotropfchen umfaBt 

6. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die lonenquelle (22; 162) eine erste 
Kapillare (132, 250) umfaBt, die mit einer Quelle 
von Analytf lussigkeit verbunden ist; 

eine zweite Kapillare (134; 252), die einen Aus- 
laB hat; 

ein Mittel, welches Gas unter Druck auf die 
zweite Kapillare (134; 252) anwendet, um die 
Analytf lussigkeit aus der ersten Kapillare (132; 
250) durch den AuslaB der zweiten Kapillare in 
einem Flussigkeitstropfenspray zu richten; und 

ein Mittel, welches ein elektrisches Potential an 
die Flussigkeit zum Erzeugen von lonen auf 



bzw. in den Tropfchen anwendet. 

7. Einrichtung nach Anspruch 6 f dadurch gekenn- 
zeichnet, daB die zweite Kapillare (134; 252) die 

5 erste Kapillare (132; 250) umgibt. 

8. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeschnet, daB der Abschnittsvakuumbereich einen 
Druck von zwischen etwa 1,33 Pa (0,01 Torf) und 

10 etwa 13332,4 Pa (100 Torr) hat, und worin die Pro- 
benahmeeiniaBoffnung (66; 230) einen Durchmes- 
ser hat, der ausreichend ist, um das Vakuum in 
dem Abschnittsvakuumbereich zu befahigen, lonen 
zu Ziehen, die durch die Blendenoffnung (62; 218) 

15 in den Abschnittsvakuumbereich gehen. 

« 

9. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Flussigkeitsblendenmittel (60; 
210) eine elektrisch leitfahige Platte zum Verhin- 

20 dern, daB uberschussiger flussiger Analyt die Pro- 
benahmeeiniaBoffnung (66; 230) erreicht, enthalt 

10. Einrichtung nach Anspruch 9, dadurch gekenn- 
zeichnet, daB das. Flussigkeitsblendenmittel (60; 

25 210) eine Mehrzahl von beabstandeten, parallelen 
Piatten aufweist, die koaxiale Blendenoffnungen 
haben. 

11. Einrichtung nach Anspruch 4, dadurch gekenn- 
30 zeichnet, daB die Blende (210) eine Scheibe (214) 

umfaBt, die einen mittigen, erhohten flachen Hoch- 
teil (218) hat, in dem die Blendenoffnung (220) 
lokalisiert ist. 

35 12. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Flussigkeitsblendenmittel (60; 
210) zwischen etwa 0,1 mm und etwa 10 mm von 
der ProbenahmeeiniaBoffnung (66; 230) beabstan- 
det ist und worin der Durchmesser der Blendenoff- 

40 nung (62; 218) zwischen etwa 0,1 mm und etwa 10 
. mm betragt. 

13. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB sie weiter ein Heizermittel (78; 222) 

45 zwischen dem Flussigkeitsblendenmittel (60; 210) 
und der ProbenahmeeiniaBoffnung (66; 230) auf- 
weist. 

14. Einrichtung nach Anspruch 4, dadurch gekenn- 
so zeichnet, daB das Mittel (134; 252), welches die 

geladenen Teilchen beschleunigt, ein Hochlinear- 
geschwindigkeitstr&gergas umfaBt. 

15. Einrichtung nach Anspruch 4, dadurch gekenn- 
55 zeichnet, daB das Mittel (134; 252), welches die 

geladenen Teilchen beschleunigt, ein erstes Elek- 
trodenmittel (80) in dem Gehause (12; 180, 240) 
umfaBt. 
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16. Einrichtung nach Anspruch 15, dadurch gekenn- 
zeichnet, d^B das Mittel (134; 252), welches die 
geladenen Teilchen beschleunigt, ein Hochlinear- 
geschwindig keitstragergas umfaBt 

5 

17. Einrichtung nach Anspruch 15, dadurch gekenn- 
zeichnet, daB die ProbenahmeeinlaBduse (64; 
194) eine Platte umfaBt, worin die EinlaBSffnung 
(66; 230) eine Duse in der Platte ist, wobei die Duse 
eine Machscheibe innerhalb des Abschriittsvaku- 10 
umbereichs def iniert. 

18. Einrichtung nach Anspruch 17, dadurch gekenn- 
zeichnet, daB das erste Elektrodenmittel (80) eine 
elektrostatische Linsenanordnung mit wenigstens 15 
einer ersten Elektrode innerhalb des Abschnittsva- 
kuumbereich zwischen der Duse und der Mach- 
scheibe umfaBt. 

19. Einrichtung nach Anspruch 18, dadurch gekenn- 20 
zeichnet, daB die Duse ein Aspektverhaitnis von 
etwa 1/3 hat. 

20. Einrichtung nach Anspruch 18, dadurch gekenn- 
zeichnet, daB das Mittel, welches den AbsGhnitts- 25 
und Analysiereinrichtungsvakuumbereich erzeugt, 

ein Teilermittel (100) in dem Gehause (12) umfaBt, 
wobei das Teilermittel (100) eine mit der Duse 
fluchtende Offnung (110) aufweist, und wobei das 
Mittel, welches die ausgewahlten lonen aus dem 30 
Abschnittsvakuumbereich zu dem Analysiereinrich- 
tungsvakuumbereich transportiert, ein zweites 
Elektrodenmittel (90, 92) umfaBt, welches die aus- 
gewahlten lonen durch die Teileroffnung <1 10) rich- 
tet. 35 

21. Einrichtung nach Anspruch 20, dadurch gekenn- 
zeichnet, daB das Teilermittel (100) eine flache 
Metallmembrane ist, die eine Dicke hat, welche 
kleineralsder DurchmesserderTeiieroffnung (110) 40 
ist. 

22. Einrichtung nach Anspruch 21, dadurch gekenn- 
zeichnet, daB das erste Elektrodenmittel (80) ein 
elektrostatisches Linsenmittel aufweist, welches 45 
einen elektrostatischen Driftbereich definiert 

23. Einrichtung nach Anspruch 22, dadurch gekenn- 
zeichnet, daB sie weiter Mittel aufweist, welche 
ausgewahlte elektrische Potentiale an die Duse, die so 
Membrane und das Elektrodenmittel zum Richten 
und Transportieren der lonen anlegen. 

24. Einrichtung nach Anspruch 23, dadurch gekenn- 
zeichnet, daB die Mittel, welche ausgewahlte elek- 55 
trische Potentiale anlegen, in dem Bereich von - 
300V bis +300V einstellbar sind. 



25. Einrichtung nach Anspruch 24, dadurch gekenn- 
zeichnet, daB sie weiter eine Quadrupolionenfal- 

' lenmassenanalysiereinrichtung (24) aufweist, die 
mit dem Analysiereinrichtungsvakuumbereich des 
GehSuses (12) verbunden bzw. dem Analysierein- 
richtungsvakuumbereich des Gehauses (12) zuge- 
ordnet ist. 

26. Einrichtung nach Anspruch 25, dadurch gekenn- 
zeichnet, daB das zweite Elektrodenmittel (90, 92) 
ein elektrostatisches Linsenmittel aufweist, wel- 
ches die ausgewahlten lonen in die Quadrupolio- 
nenfalle richtet. 

27. Einrichtung nach Anspruch 25, dadurch gekenn- 
zeichnet, daB das zweite Elektrodenmittel (90, 92) 
ein Tormittel zum selektiven Ablenken der ausge- 
wahlten lonen weg von der Quadrupolionenfalle 
aufweist. 

28. Einrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Mittel, welches den Abschnitts- 
und den Analysiereinrichtungsvakuumbereich 
erzeugt, eine Metallmembrane (226) umfaBt, die 
eine mittige Offnung (228) hat, und wobei die Pro- 
benahmeeinlaBduse (194) ein Metallkapillarrohr 
umfaBt, das ein erstes Ende (196) benachbart dem 
Flussigkeitsblendenmittel (210) hat und ein zweites 
Ende (198), das sich in den Abschnittsvakuumbe- 
reich erstreckt, hat, wobei die Kapillare eine mittige 
Offnung (230) hat, die mit der Flussigkeitsblenden- 
affnung (210) und der Membranoffnung (228) fluch- 
tet, um die ausgewahlten lonen zu dem 
Analysiereinrichtungsvakuumbereich (234, 235) zu 
transportieren. 

29. Einrichtung nach Anspruch 28, dadurch gekenn- 
zeichnet, daB das Aspektverhaitnis der Membran- 
offnung (228) signrfikant grGBer als 1 ist. 

30. Einrichtung nach Anspruch 29, dadurch gekenn- 
zeichnet, daB sie weiter ein Mittel aufweist, wel- 
ches ausgewahlte elektrische Potentiale an das 
Kapillarrohr (194) und die Membran (226) zum Ein- 
stellen des Grads der lonenfragmentierung in dem 
Analysiereinrichtungsvakuumbereich (234, 235) fur 
die Identifizierung von analysierten lonenspezies 
anlegt 

31. Einrichtung nach Anspruch 30, dadurch gekenn- 
zeichnet, daB sie weiter eine Quadrupolmassen- 
analysiereinrichtung (174) und einen 
Elektronenmultiplier (176), der mit dem 
Massenanalysiereinrichtungsvakuumbereich (234, 
235) verbunden bzw. dem Massenanalysiereinrich- 
tungsvakuumbereich (234, 235) zugeordnet ist, 
enthait. 
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32. Einrichtung nach Anspruch 31, dadurch gekenn- 
zeichnet, daB der Massenanaiysiereinrichtungsva- 
kuumbereich (234, 235) eine erste und zweite 
Vakuumkammer aufweist, wobei die Quadrupol- 
massenanalysiereinrichtung (174) in der zweiten 5 
Vakuumkammer lokalisiert ist. 

33. Einrichtung nach Anspruch 32, dadurch gekenn- 
zeichnet, daB das Mittel, welches die ausgewahl- 

ten lonen transportiert, zwei voneinander 10 
beabstandete, Drei-Elektroden-Linsenanordnun- 
gen (168, 174) umfaBt, die in der ersten Vakuum- 
kammer lokalisiert sind. 

34. Einrichtung nach Anspruch 31, dadurch gekenn- 15 
zeichnet, daB der Massenanalysiereinrichtungsva- 
kuumbereich (234, 235) eine erste und zweite 
Vakuumkammer aufweist, wobei die erste Kammer 
benachbart der Membrane (226) ist, wobei die 
Quadrupolmasserianalysiereinrichtung (1 74) in der 20 
ersten Vakuumkammer lokalisiert ist und ein Elek- 
tronenmultiplier (176) in der zweiten Vakuumkam- 
mer lokalisiert ist und auf • die 
Massenanalysiereinrichtung (174) anspricht. 

25 

35. Einrichtung nach Anspruch 34, dadurch gekenn- 
zeichnet, daB sie weiter ein zweites Membranmit- 
tel (172) zwischen der ersten und zweiten 
Vakuumkammer aufweist, und eine zweite Mem- 
branoffnung zum Zufuhren von lonen von der Mas- 30 
senanalysiereinrichtung (174) zu dem 
Eiektronenmultiplier (176) enthalt. 

36. Einrichtung nach Anspruch 35, dadurch gekenn- 
zeichnet, daB sie weiter eine elektrostatische Drei- 35 
Elektroden-lonenfokusierungsanordnung (1 70) 
zwischen der Massenanalysiereinrichtung (174) 
und der zweiten Membranoffnung aufweist. 

37. lonenfallenprobenahmeeinrichtung gemaB 40 
Anspruch 1, kombiniert mit einem Massenspektro- 
meter, gekennzeichnet durch 

die lonenquelle (22; 162) ist eine Quelle von 
ionisierten Flussigkeitstropfchen; 45 

ein Massenspektrometer (24; 1 74) zum Analy- 
sieren der Bestandteile der ionisierten Tropf- 
chen; 

50 

die Vakuumkammer (18; 178) ist ein Abschnitt 
zwischen der Quelle (22; 162) von ionisierten 
Tropfchen und dem Massenspektrometer (24; 
174) und enthalt die ProbenahmeeinlaBduse 
(64; 194) zum Empfangen und Richten von 55 
lonen, die von den Tropfchen getragen sind, 
zur Analyse in das Massenspektrometer (24; 
174); und 
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das Flussigkeitsblendenmittel (60; 210) ist zwi- 
schen der genannten Queiie (22; 1 62) und dem 
Abschnitt zum Begrenzen der den Abschnitt 
erreichenden Stromung von ionisierten Tropf- 
chen angeordnet. 

38. Einrichtung nach Anspruch 37, dadurch gekenn- 
zeichnet, daB das Flussigkeitsblendenmittel (60; 
210) ein Plattenmittel aufweist, welches eine Steu- 
erfiffnung (66; 220) enthalt, die mit der EinlaBduse 
(64; 194) fluchtet, um lonen aus der Quelle zu der 
EinlaBduse (64; 194) zu richten, wobei das Platten- 
mittel verhindert, daB ein UberschuB bzw. -maB an 
lonen die EinlaBduse (64; 194) erreicht. 

39. Einrichtung nach Anspruch 38, dadurch gekenn- 
zeichnet, daB das Plattenmittel einen mittigen, 

, erhohten flachen Hochteil (218) aufweist, in dem 
die Offnung (62; 220) lokalisiert ist. 

40. Einrichtung nach Anspruch 38, dadurch gekenn- 
zeichnet, daB das Plattenmittel ein Umfangs- 
flanschmittel (74) zum Anbringen des 
Plattenmittels auf bzw. in dem genannten Abschnitt 
aufweist. 

41. Einrichtung nach Anspruch 38, dadurch gekenn- 
zeichnet, daB die mittige Offnung (62; 220) in dem 
Plattenmittel einen Durchmesser von etwa 400 
Mikrometer hat und von der EinlaBduse (64; 194) 
um etwa 5 mm beabstandet ist. 

42. Einrichtung nach Anspruch 41, dadurch gekenn- 
zeichnet, daB die Quelle (22; 162) von lonen etwa 
10 mm von der mittigen Offnung (62; 220) des FIus- 
sigkeitsblendenmittels lokalisiert ist. 

43. Einrichtung nach Anspruch 37, dadurch gekenn- 
zeichnet, daB der AbschnittseinlaB (22, 162) ein 
Kapillarmittel aufweist. 

44. Einrichtung nach Anspruch 37, dadurch gekenn- 
zeichnet, daB die Quelle von ionisierten Flussig- 
keitstropfchen eine erste Kapillare (132; 250) 
aufweist, die mit einer Quelle von Analytflussigkeit 
verbunden ist, wobei die Kapillare (132; 250) ein 
SprayauslaBende zum Richten der Analytflussig- 
keit in einem Flussigkeitsspray nach dem Massen- 
spektrometerabschnittseiniaB, ein Mittel zum 
Richten von Gas unter Druck zu dem Flussigkeits- 
spray zum Vernebeln des Sprays und dadurch zum 
Erzeugen von Weinen Flussigkeitstropfchen, und 
ein Mittel zum Anlegen eines elektrischen Potenti- 
als an den Flussigkeitsspray zum Erzeugen von 
lonen auf bzw. in den Tropfchen hat. 

45. Einrichtung nach Anspruch 44, dadurch gekenn- 
zeichnet, daB das Mittel zum Richten von Gas 
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unter Druck zu dem Flussigkeitsspray eine zweite 
Kapillare (134, 252) umfaBt, welchedie erste Kapil- 
lare (132, 250) umgibt 

46. Einrichtung nach Anspruch 45, dadurch gekenn- s 
zeichnet, daB das Flussigkeitsblendenmittel (60, 
210) ein Plattenmittel enthait, das eine nriittige Off- 
nung (62; 220) enthait, die mit der EinlaBduse (64; 
194) zum Richten von ausgewahlten lonen, die von 
dem Flussigkeitsspray getragen sind, zu der Ein- 10 
laBduse (64; 194) fluchtet. 

47. Einrichtung nach Anspruch 46, dadurch gekenn- 
zeichnet, daB die EinlaBduse (194) eine dritte 
Kapillare ist, die mit der FlussigkeitsblendenGffnung 15 
(220) fluchtet. 

48. Einrichtung nach Anspruch 37, dadurch gekenn- 
zeichnet, daB das Abschnittsmittel eine erste und 
zweite Vakuumkammer aufweist, und wobei die 20 
EinlaBduse (194) eine Kapillare zum Richten von 
lonen, die von den TrSpfchen getragen sind, in die 
erste Vakuumkammer (178) aufweist, und ein Mittel 
zum Richten der lonen in und durch die zweite 
Vakuumkammer zu dem Massenspektrometer 25 
(174). 

49. Einrichtung nach Anspruch 48, dadurch gekenn- 
zeichnet, daB das Mittel, welches die lonen in und 
durch die zweite Vakuumkammer richtet, einen mit 30 
der Kapillare fluchtenden konischen Skimmer auf- 
weist. 

50. Einrichtung nach Anspruch 49, dadurch gekenn- 
zeichnet, daB das Mittel, welches die lonen in und 35 
durch die zweite Vakuumkammer, richtet ein Lin- 
senmitte! (168; 170) aufweist. 

Revendications 

40 

1 . Dispositif d'echantillonnage k pi&ge d'ions, compre- 
nant : 

une chambre a vide (18, 178); 

une buse d'entr6e d'echantillonnage (64, 194) 45 

pour ladite chambre k vide (1 8, 1 78); 

une sortie (110, 228) de ladite chambre k vide 

(18,178); 

un moyen d'ecran contre les liquides (60, 210) 
place & une certaine distance de ladite buse so 
d'entree d'echantillonnage (64, 194) et ayant 
une ouverture (62, 220), qui est dispose de 
fagon k: 

(a) diriger a travers ladite ouverture (62, 55 
220) une partie d'echantillon d'ions, de 
goutteiettes et/ou de particules k la pres- 
sion atmospherique provenant d'une 



source d'ions (22, 162) produisant lesdits 
ions, goutteiettes et/ou particules vers 
ladite buse d'entree d'echantillonnage (64, 
194), et 

(b) fournir une focalisation a§rodynamique 
desdits ions, goutteiettes et/ou particules 
en direction de Torifice (66, 230) de ladite 
buse d'entree d'echantillonnage (64, 194), 
dans lequel ladite ouverture seulement 
communique avec Pespace forme entre 
ledit moyen d'6cran contre les liquides et 
ladite buse d'entree. 

Dispositif suivant la revendication 1 , caracterise en 
ce que ledit ecran contre les liquides (60, 210) se 
trouve k une distance comprise entre environ 1 et 
environ 5 mm de ladite buse (64, 194). 

Dispositif suivant la revendication 2, caracterise en 
ce qu'il comprend de plus un moyen de chauffage 
(78, 222) situe entre ladite buse (64, 194) et ledit 
6cran contre les liquides (60, 210). 

Dispositif d'echantillonnage a pi&ge d'ions suivant 
la revendication 1, congu en taht que dispositif 
d'echantillonnage d'ions k la pression atmospheri- 
que, caracterise par : 

un carter (12, 180, 240) ayant ladite buse 

d'entr6e d'echantillonnage (64, 194); 

un moyen produisant a I'int6rieur dudit carter 

(12, 180, 240) une region de vide d'interface 

dans ladite chambre a vide (18, 178) et une 

region de vide d'analyseur (20, 234); 

ladite source d'ions (22, 162) 6tant adjacente 

audit carter pour produire & la pression atmos- 

ph£rique des particules chargees incluant des 

ions k 6chantillonner; 

ledit moyen d'6cran contre les liquides (60, 
210) 6tant interpose entre ladite buse d'entr^e 
d'echantillonnage (64, 194) et ladite source 
d'ions (22, 1 62) produisant des particules char- 
gees et ayant une ouverture (62, 220) align£e 
avec un orifice (66, 230), dans ladite buse 
d'entr6e d'echantillonnage (64, 194); 
un moyen (134, 252) accelerant lesdits particu- 
les et ions charges vers ledit moyen d'ecran 
contre les liquides (60, 210) et transportant des 
particules et ions choisis k travers ladite ouver- 
ture (62, 220) et ledit orifice (66, 230) de ladite 
buse d'entr6e d'echantillonnage (64, 194) k 
I'interieur de ladite region de vide d'interface 
dans ladite chambre de vide (18, 178); et 
un moyen (80, 168) transportant lesdits ions 
choisis depuis ladite region de vide d'interface 
de ladite chambre a vide (18, 178) vers ladite 
region de vide d'analyseur(20, 234). 
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5. Dispositif suivant la revendication 4, caracterise en 

og ^uc lauuc ouuiuc u iuid io<:) uOmjJieilG UII 

moyen (22, 162) produisant une pulverisation de 
microgouttelettes liquides ionisees. 

5 

6. Dispositif suivant la revendication 4, caracterise en 
ce que ladite source d'ions (22, 162) comprend : 

un premier capillaire (132, 250) relie a une 
source d'analyte liquide; 10 
un second capillaire (134, 252) ayant une sor- 
tie; 

un moyen appliquant un gaz sous pression 
audit second capillaire (134, 252) pour diriger 
ledit analyte liquide depuis ledit premier capil- is 
laire (132, 250) k travers la sortie dudit second 
capillaire dans une pulverisation de gouttelet- 
tes liquides ; et 

un moyen appliquant un potentiel electrique 
audit liquide pour produire des ions sur lesdites 20 
gouttelettes. 

7. Dispositif suivant la revendication 6, caracterise en 
ce que ledit second capillaire (134, 252) entoure 
ledit premier capillaire (132, 250). 25 

8. Dispositif suivant la revendication 4, caracterise en 
ce que ladite region de vide d'interface a une pres- 
sion comprise entre environ 1,33 Pa (0,01 Torr) et 
environ 13332,4 Pa (100 Torr), et que ledit orifice 30 
d'entree d'echantillonnage (66, 230) a un diametre 
suff isant pour permettre au vide dans ladite region 

de vide d'interface d'attirer des ions passant k tra- 
vers ladite ouverture d'ecran (62, 220) k I'interieur 
de ladite region de vide d'interface. 35 

9. Dispositif suivant la revendication 4, caracterise en 
ce que ledit moyen d'ecran contre les liquides (60, 
210) comprend une pJaque electroconductrice pour 
empecher i'analyte liquide en exces d'atteindre ledit 40 
orifice d'entree d'echantillonnage (66, 230). 

10. Dispositif suivant la revendication 9, caracterise en 
ce que ledit moyen d'ecran contre les liquides (60, 
210) comprend plusieurs plaques paralleles espa- 45 
cees ayant des ouvertures coaxial es. 

11. Dispositif suivant la revendication 4, caracterise en 
ce que ledit moyen d'ecran contre les liquides (210) 
comprend un disque (214) presentant une partie en so 
forme de table sur£l£vee centrale (218) dans 
laquelle est m6nag£e ladite ouverture (220). 

12. Dispositif suivant la revendication 4, caracterise en 

ce que ledit moyen d'ecran contre les liquides (60, 55 
210) se trouve k une distance comprise entre envi- 
ron 0,1 mm et environ 10 mm dudit orifice d'entree 
d'echantillonnage (66, 230) et que le diametre de 
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ladite ouverture (62, 220) est compris entre environ 
0,1 mm et environ 10 mm. 

13. Dispositif suivant la revendication 4, caracterise en 
ce qu'il comprend de plus un moyen de chauffage 
(78, 222) dispose entre ledit moyen d'ecran contre 
les liquides (60, 210) et ledit orifice d'entree 
d'6chantillonnage (66, 230). 

14. Dispositif suivant la revendication 4, caracterise en 
ce que ledit moyen (134, 252) accelerant lesdites 
particules chargees comprend un gaz porteur k 
haute vitesse Iin6aire. 

1 5. Dispositif suivant la revendication 4, caracterise en 
ce que ledit moyen (134, 252) accelerant lesdites 
particules chargees comprend un premier moyen 
d' electrodes (80) dans ledit carter (12, 180, 140). 

16. Dispositif suivant la revendication 15, caracterise 
en ce que ledit moyen (134, 252) accelerant lesdi- 
tes particules chargees comprend un gaz porteur k 
haute vitesse lineaire. 

17. Dispositif suivant la revendication 15, caracterise 
en ce que ladite buse d'entree d'echantillonnage 
(64, 194) comprend une plaque et que ledit orifice 
d'entree (66, 230) est une buse dans ladite plaque, 
ladite buse definissant un disque de Mach k I'inte- 
rieur de ladite region de vide d'interface. 

18. Dispositif suivant la revendication 17, caracterise 
en ce que ledit premier moyen d'eiectrodes (80) 
comprend un assemblage de lentilles eiectrostati- 
ques avec au moins une premiere electrode a I'inte- 
rieur de ladite region de vide d'interface situee 
entre ladite buse et ledit disque de Mach. 

19. Dispositif suivant la revendication 18, caracterise 
en ce que ladite buse a un rapport d'aspect d'envi- 
ron 1/3. 

20. Dispositif suivant la revendication 18, caracterise 
en ce que ledit moyen produisant lesdites regions 
de vide d'interface et d'analyseur comprend un 
moyen diviseur (100) dans ledit carter (12), ledit 
moyen diviseur (100) comprenant une ouverture 
(110) alignee avec ladite buse et que ledit moyen 
transportant lesdits ions choisis k partir de ladite 
region de vide d'interface vers ladit region de vide 
d'analyseur comprend un second moyen d'eiectro- 
des (90, 92) dirigeant lesdits ions choisis a travers 
ladite ouverture (110) du diviseur. 

21. Dispositif suivant la revendication 20, caracterise 
en ce que ledit moyen diviseur (100) est un 
diaphragme metallique plat ayant une epaisseur 
inferieure au diametre de ladite ouverture (110) du 
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diviseur. 

22. Dispositif suivant la revendication 21, caractErisE 
en ce que ledit premier moyen d'electrodes (80) 
comprend un moyen de lentilles Electrostatiques 5 
dEfinissant une region de derive Electrostatique. 

23. Dispositif suivant la revendication 22, caractErisE 
en ce qu'il comprend de plus un moyen appliquant 
des potentiels electriques choisis a ladite buse, 10 

. audit diaphragme et audit moyen d'electrodes pour 
diriger et transporter lesdits ions. 

24. Dispositif suivant la revendication 23, caractErisE 

en ce que ledit moyen appliquant des potentiels is 
Electriques choisis peut §tre ajustE dans la gamme 
de -300 V k +300 V. 

25. Dispositif suivant la revendication 24, caractErisE 

en ce qu'il comprend de plus un analyseur de 20 
masse k piEge d'ions a quadrupdle (24) associE a 
ladite region de vide d'analyseur dudit carter (12). 

26. Dispositif suivant la revendication 25, caractErisE 

en ce que ledit second moyen d'electrodes (90, 92) 25 
comprend un moyen de lentilles Electrostatiques 
dirigeant lesdits ions choisis k I'intErieur dudit piEge 
d'ions k quadrupole. 

27. Dispositif suivant la revendication 25, caractErisE 30 
en ce que ledit second moyen d'electrodes (90, 92) 
comprend un moyen de grille pour Eloigner de 
facon selective lesdits ions choisis dudit piege 
d'ions a quadrupole. 

35 

28. Dispositif suivant la revendication 4, caractErisE en 
ce que ledit moyen produisant lesdites regions de 
vide d'interface et d'analyseur comprend un 
diaphragme metallique (226) ayant une ouverture 
centrale (228), et que ladite buse d'entree d'Echan- 40 
tillonnage (194) comprend un tube capillaire mEtal- 
lique ayant une premiere extrEmitE (196) adjacente 
audit moyen d'Ecran contre les liquides (210) et 
ayant une seconde extrEmitE (198) se prolongeant 

k I'intErieur de ladite region de vide d'interface, ledit 45 
capillaire ayant un orifice central (230) alignE avec 
les ouvertures dudit moyen d'Ecran contre les liqui- 
des (210) et dudit diaphragme (228) pour transpor- 
ter les dits ions choisis vers ladite region de vide 
d'analyseur (234, 235). so 

29. Dispositif suivant la revendication 28, caractErisE 
en ce que le rapport d'aspect de ladite ouverture du 
diaphragme (228) est notablement supErieur k 1 . 

55 

30. Dispositif suivant ia revendication 29, caractErisE 
en ce qu'il comprend de plus un moyen appliquant 
des potentiels Electriques choisis audit tube capil- 



laire (1 94) et audit diaphragme (226) pour ajuster le 
degrE de fragmentation ionique dans ladite rEgion 
de vide d'analyseur (234, 235) pour I'identification 
des entites ioniques analysEes. 

31- Dispositif suivant la revendication 30, caractErisE 
en ce qu'i! comprend de plus un analyseur de 
masse k quadrupQIe (174) et un multiplicateur 
d'Electrons (176) associEs k ladite rEgion de vide 
d'analyseur de masse (234, 235). 

32. Dispositif suivant la revendication 31, caractErisE 
en ce que ladite rEgion de vide d'analyseur de 
masse (234, 235) comprend des premiere et 
seconde chambres k vide, ledit analyseur de 
masse quadrupole (174) Etant situE dans ladite 
seconde chambre k vide. . 

33. Dispositif suivant la revendication 32, caractErisE 
en ce que ledit moyen transportant lesdits ions 
choisis comprend deux assemblages sEparEs (1 68, 
170) de lentilles k trois Electrodes, situEs dans 
ladite premiEre chambre k vide. 

34. Dispositif suivant la revendication 31, caractErisE 
en ce que ladite rEgion de vide d'analyseur de 
masse (234, 235) comprend des premiere et 
seconde chambres k vide, ladite premiere chambre 
Etant adjacente audit diaphragme (226), ledit analy- 
seur de masse quadrupole (174) Etant situE dans 
ladite premiEre chambre k vide et un multiplicateur 
d'Electrons (176) situE dans ladite seconde cham- 

1 bre a vide et repondant audit analyseur de masse 
(174). 

35. Dispositif suivant la revendication 34, caractErisE 
en ce qu'il comprend de plus un second moyen de 
diaphragme (172) situE entre ces premiere et 
seconde chambres k vide, et qu'il comprend une 
ouverture du second diaphragme pour I'admission 
d'ions provenant dudit analyseur de masse (174) 
vers ledit multiplicateur d'Electrons (176). 

36. Dispositif suivant la revendication 35, caractErisE 
en ce qu'il comprend de plus un assemblage de 
focalisation Electrostatique d'ions (170) a trois Elec- 
trodes situE entre ledit analyseur de masse (174) et 
ladite ouverture du second diaphragme. 

37. Dispositif d'Echantillonnage k piEge d'ions suivant 
la revendication 1, combinE k un spectrometre de 
masse, caractErisE par : 

ladite source d'ions (22, 162) qui est une 
source de gouttelettes liquides ionisEes ; 
un spectrometre de masse (24, 174) pour 
I'analyse des constituants desdites gouttelettes 
ionisEes ; 
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ladite chambre &*vide (18, 178) qui est une 

ii uei ictue t:i ui e iciuut; buui utJ (^<£, iD^juegOui- 

telettes ionisees et I edit spectrometre de 
masse (24, 174) et incluant ladite buse d'entree 
d'echantillonnage (64, 194) recevoir et diriger 5 
des ions transportes par lesdites gouttelettes k 
I'interieur dudit spectrometre de masse (24, 
1 74) pour I'analyse ; et 

ledit moyen d*6cran contre les liquides (60, 
210) qui est dispose entre ladite source (22, 10 
1 62) et ladite interface de fagon k limiter recou- 
lement des gouttelettes ionisees atteignant 
ladite interface. 

38. Dispositif suivant la revendication 37, caracterise 15 
en ce que ledit moyen d'6cran contre les liquides 
(60, 210) comprend un moyen de plaque incorpo- 
rant une ouverture de controle (62, 220) alignee 
avec ladite buse d'entree (64, 194) pour diriger les 
ions provenant de la dite source vers ladite buse 20 
d'entree (64, 194), ledit moyen de plaque empe- 
chant des ions en exc^s d'atteindre ladite buse 
d'entree (64, 194). 

39. Dispositif suivant la revendication 38, caracterise 25 
en ce que' ledit moyen de plaque comprend une 
partie en forme de table sur§levee centrale (218) 
dans laquelle est menagee ladite ouverture (220). 

40. Dispositif suivant la revendication 38, caracterise 30 
en ce que ledit moyen de plaque comprend un 
moyen de rebord periph6rique (214) pour monter 
ledit moyen de plaque sur ladite interface. 

41. Dispositif suivant la revendication 38, caracterise 35 
en ce que ladite ouverture centrale (62, 220) dans 
ledit moyen de plaque a un diametre d'environ 400 
fxm, et est separ§e de ladite buse d'entree (64, 1 94) 
d'environ 5 mm. 

40 

42. Dispositif suivant la revendication 41, caracterise 
en ce que ladite source (22, 162) d'ions est situ§e k 
environ 10 mm de ladite ouverture centrale (62, 
220) du moyen d'ecran contre les liquides. 

45 

43. Dispositif suivant la revendication 37, caracterise 
en ce que ladite entree d'interface (22, 162) com- 
prend un moyen capillaire. 




pulverisation de liquide afin de nebuliser ladite pul- 
verisation ei de produire ainsi de petit es gouiteiet- 
tes liquides, et un moyen pour appliquer un 
potentiel eiectrique k ladite pulverisation de liquide 
pour produire des ions sur lesdites gouttelettes. 

45. Dispositif suivant la revendication 44, caracterise 
en ce que ledit moyen pour diriger un gaz sous 
pression vers ladite pulverisation de liquide com- 
prend un second capillaire (134, 252) entourant 
ledit premier capillaire (132, 250). 

46. Dispositif suivant la revendication 45, caract6ris6 
en ce que ledit moyen d'£cran contre les liquides 
(60, 210) comprend un moyen de plaque incorpo- 
rant une ouverture centrale (62, 220) alignee avec 
ladite buse d'entree (64, 194) pour diriger des ions 
choisis transports par ladite pulverisation de 
liquide vers ladite buse d'entree (64, 194). 

47. Dispositif suivant la revendication 46, caracterise 
en ce que ladite buse d'entree (194) est un troi- 
sieme capillaire aligne avec ladite ouverture (220) 
du moyen d'ecran contre les liquides. 

48. Dispositif suivant la revendication 37, caracterise 
en ce que ledit moyen d'interface comprend des 
premiere et seconde chambres a vide, et que ladite 
buse d'entree (194) comprend un capillaire pour 
diriger des ions transportes par lesdites gouttelet- 
tes a I'interieur de ladite premiere chambre a vide 
(1 78), et un moyen dirigeant lesdits ions a I'interieur 
de ladite seconde chambre a vide et k travers celle- 
ci vers ledit spectrometre de masse (174). 

49. Dispositif suivant la revendication 48, caracterise 
en ce que ledit moyen dirigeant lesdits ions k I'inte- 

. rieur de ladite seconde chambre k vide et k travers 
celle-ci, comprend un ecumoir conique aligne avec 
ledit capillaire. 

50. Dispositif suivant la revendication 49, caracterise 
en ce que ledit moyen dirigeant lesdits ions a I'inte- 
rieur de ladite seconde chambre k vide et k travers 
celle-ci, comprend un moyen de lentilles (168, 170). 



44. Dispositif suivant la revendication .37, caracterise so 
en ce que ladite source de gouttelettes liquides 
ionisees comprend un premier capillaire (132, 250) 
relie a une source d'analyte liquide, ledit capillaire 
(132, 250) ayant une extremite de sortie de pulveri- 
sation pour diriger ledit analyte liquide sous la ss 
forme d'une pulverisation de liquide vers ladite 
entree d'interface du spectrometre de masse, un 
moyen pour diriger un gaz sous pression vers ladite 
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